

^ 75 "- 335 30^7- j tf-litS 


NASA CR- 13260 M 


NASA CONTRACTOR 
RE PORT 


Prediction and Verification of Creep Behavior in 
Metallic Materials and Components for the 
Space Shuttle Thermal Protection System 


VOLUME III 

Phase III - Full Size Heat Shield Data Correlation 

and Design Criteria 

AUGUST 1975 


Prepared By Si A. CrSfllBr ufid J. W. Davis 


iy§CDOISnSIEL.L. DOUGLAS ASTDOtVAU-riCS COIVIL’Ahl'r - EAST 



m coi 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION • WASHINGTON. D.C. • AUG 1975 



NASA CR-1 32605-3 


Prediction and Verification of Creep Behavior in 
Metallic Materials and Components for the 
Space Shuttle Thermal Protection System 

VOLUME III 


Phase III - Full Size Heat Shield 

Data Correlation and Design Criteria 

AUGUST 1975 

B. A. Cramer 
J. W. Davis 


Prepared under Contract NAS 1-11774 
Prepared by McDonnell Douglas Astronautics Company-East 
Saint Louis, Missouri 

for National Aeronautics and Space Administration 
Langley Research Center 
Hampton, Virginia 


MCDONNELL DOUGLAS ASTRONAUTICS COMPANY - EAST 

Saint Louis, Missouri 63166 (314) 232-0232 

MCDONNELL DOUCL^S^^. 


COfl¥»Oi9ATt€>f^ 




NAS-1-11774 


^f^PREDICTION OF CREEP IN 
VIETALLIC TPS PANELS 


PHASE III 

SUMMARY REPORT 


ABSTRACT 

Analysis methods, developed in Phase II, for predicting cyclic creep deflection 
in stiffened panel structures, were applied to full size panels. Results were 
compared with measured deflections from cyclic tests of thin gage L605, Rene^ 41, 
and TDNiCr full size corrugation stiffened panels for which data were available in 
the literature. Empirical equations used in the analysis were developed for each 
material based on correlation with tensile cyclic creep data during Phase I of the 
program. 

Based on results from the study, a design criteria is formulated for metallic 
TPS panels subjected to creep. This criteria addresses TPS design considerations, 
data requirements for creep analysis, and creep deflection analysis. Also included 
in this report are the users* information and listing for the TPSC (Thermal Pro- 
tection System Creep) Computer Program developed to calculate creep deflections. 
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i. SUMMARY 

Presented in this report are the results of both the Phase III and Phase IV 
contract phases* Phase III was directed at correlating results of full size panel 
cyclic testing based on material cyclic creep response behavior determined in 
I'hase I studies (Reference 1) and analysis capability developed in Phase II 
(Reference 2). Full size panel data for this effort, were obtained from the 
literature. Phase IV effort was directed at summarizing program results into a 
TPS panel design criteria. Phase III is presented in Sections 2 through 4 of the 
report and Phase IV is presented in Section 5. The Users information and listing 
for the TPSC (Thermal Protection system Creep) Computer Program developed during 
Phase II are presented in Appendices B and C respectively. 

Comparisons of predicted and test deflections are presented for L605 panels 
and Rene’ 41 panels tested at McDonnell Douglas Corporation and for Haynes 25 
(L605) and TDNiCr panels tested at Grumman Aerospace Corporation. 

Resulting predictions for the L605 and Rene’ 41 panels provided good correla- 
cion with test results. For both materials there was approximately a factor of 
two difference between test deflection results for two identical panels tested 
simultaneously. No explanation for this difference could be determined, Pre- 
dictions for these panels were made both at the center, where temperatures were 
highest and at the panel transverse edges where temperatures were somewhat lower - 
I'or the L605 panels the predicted center deflections were approximately 20% less 
r han the lowest panel test deflection agreed closely with the average test 
deflections. For the Rene’ 41 panels the predicted deflection was very close to 
! he higher of the test deflections at the panel center. Sensitivity of predicted 
deflections to variations in material gage and test temperature was demonstrated 
for the Rene’ 41. 
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Predictions for the Haynes 25 panel and TDNiCr panel were both low in coTn- 
parison to test deflections although considerable variation was evident in the data 
measured for four spans on the TDNiCr panel and the prediction was within the data 
range. This variation in test data could not be accounted for by temperature 
variations in the panels. The trend in the prediction relative to test deflections 
as a function of cycle for TDNiCr was shown to be consistent with prediction 
capability of the empirical cyclic creep equation. Test deflections for the Haynes 
25 panel were two times higher than predictions. 
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1.0 INTRODUCTION 


One of the design requirements of reentry vehicle metallic thermal protection 
systems (TPS) is that deflections, occurring during ascent and entry mission 
phases, due to differential pressure and thermal loading, do not exceed design 
limits. These deflection limitations are established to maintain the aerodynamic 
shape, minimize localized aerodynamic heating and to minimize the need for panel 
refurbishment. Because deflections include permanent deformation due to creep, 
methods for predicting these deformations are needed. 

Several arrangements of metallic TPS components have been investigated in the 
coures of previous spacecraft studies. The baseline design used in the McDonnell 
Douglas Phase B Shuttle Study Program is shown in Figure 1-1. Radiative metallic 
panels form the outer moldline. These panels are backed by fibrous Insulation 
blankets. Differential air pressure loads on the panels are transmitted by beam 
bending to transverse support beams located at approximately a 50 cm ('X'20 Inches) 
spacing. Retaining straps are attached to the transverse support beams and retain- 
ing straps. Longitudinal joints between panels provide normal-to-panel shear 
continuity between adjacent panels, preventing joint gapping by forcing adjacent 
panels to deflect simultaneously under applied loads. Transverse support beams 
transmit loads to support struts which carry the loads to primary load carrying 
structure. Drag links, spanning diagonally between transverse support beams and 
primary structure, provide support structure system stability and carry longitudinal 
loads. 

During Phase I (Reference 1) of this program, the influence of cyclic entry 

conditions on creep response was investigated for four material alloys: T1-6A1-4V, 

Rene* 41, L605, and TDNiCr. Analysis of tensile creep test data during this phase 

resulted in empirical equations, for each material, which describe cyclic creep 
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FIGURE 1-1 TYPICAL METALLIC THERMAL PROTECTION SYSTEM STRUCTURE 
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response characteristics as a function of stress, temperature, and time. These 
equations were used in conjunction with the time and strain hardening theories of 
creep accumulation to investigate creep prediction capability for cvclic trajectory 
stress and temperature profiles. 

Phase II (Reference 2) was directed toward developing and verifying capability 
or prediction of creep deflection in metallic heat shields subjected to cyclic 
entry environments. 

A computer program. Thermal Protection System Creep (TPSC) was developed for 
predicting beam creep deflections (Appendix B and C) . This program offers an approach 
to creep predictions through application of iterative techniques and numerical 
integration. In the analysis, panel length is divided into segments over which 
bending moments are assumed constant and panel depth is divided into increments 
over which stresses and strains are assumed constant. Using a linear strain 
assumption, beam rotations are iteratively determined, based on either the time 
hardening or strain hardening theories of creep accumulation. Material cyclic 
('reep response properties were defined by empirical equations developed from tests 
of tensile creep specimens in Phase I. The TPSC program capability includes 
definition of temperature as a function of beam length and depth, application of 
-‘ither the strain hardening or time hardening theory of creep accumulation, and 
■ he application of bending distributions for a full size panel based on the edge 
Stiffness and the longitudinal and transverse panel stiffness. Program output 
includes defintion of both elastic and creep deflected shapes, residual stresses, 
and creep strains as a function of cycle. 

Seventeen subsize panel specimens, 6.35 cm by 3.05 cm, were tested to provide 
sreep deflection data for verification of prediction capability. Corrugation cross 
section specimens were fabricated for test using thin gage ('^^.025 cm) L605, Rene’ 41, 

Ti-bAl-AV, and TDNiCr sheet material. Rib cross section specimens were also 
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fabricated for test using thicker gage ('^^.060 cm) L605 and Ti-6A1-4V sheet material. 
These materials were procured for use both in Phase I and II. Each test consisted 
of cycling the panel for up to 100 entry thermal and bending load profiles represen- 
tative of Shuttle entry missions. Testing was conducted in a vacuum furnace, using 
a load mechanism specifically designed to apply a two-point panel load that would 
be independent of panel deflection. Permanent deflections, due to creep, were 
measured as a function of cycle. 

Comparisons of subsize panel creep deflection predictions with test results 
were made. Generally, good correlation was obtained between predicted and test 
deflections . 

The objective of the program Phase III effort was to analyze full size panel 
creep data obtained from available test programs and to compare test results with 
prediction using methods of analyses developed during Phase I and II. Every effort 
was made to include all possible variations that could be ascertained from the 
documentation that might affect creep response so that as much confidence as 
possible could be associated with the comparison of predicted and test results. 

To this extent, the documented test data and results are summarized in this report. 
In addition, loads, temperatures, and panel geometry data required for creep 
analysis are reported. 

The international system of units (SI) are used in this report. U.S. Customary 
Units are also generally provided. Applicable conversion factors are presented in 
Appendix A. 


1-4 


MCOaiSUSiBLL, DOUGLAS COMf»ANV^ - EAST 



NAS^I-11774 


\ 


i 


"^^PREDICTION OF CREEP IN 
METALLIC TPS PANELS 


PHASE III 

SUMMARY REPORT 


2.0 Background from Phase I and II 

During Phase I and II of this program, the influence of cyclic entry conditions 
on creep response of L605, Rene’ 41, TDNiCr, and Ti-6A1-4V were investigated and 
prediction capability for TPS panel creep deflections was developed. These cyclic 
creep data and analysis methods have been applied in the evaluation of full size 
panel test data in Phase III. Presented in this section are discussions of Phase I 
and Phase II results as they apply to the Phase III evaluation of full size L605, 
Rene’ 41, and TDNiCr TPS panel test data. 

2.1 PHASE I - CYCLIC TENSILE TESTING 

In Phase I, thin gage tensile specimens were tested under cyclic loads and 
temperatures. Initially, creep response data were generated in what was designated 
as series of basic cyclic tests. These tests were conducted using the stress and 
temperature profiles shown in Figure 2~1 where the time per cycle was twenty 
minutes and the time between cycles (required for heat up and cool down portions 
of the profile) was 35 minutes. For each material, tests were conducted at three 
stress levels at each of four temperatures covering the range of temperature 
applicability for the respsective materials. 

Test temperature ranges were 978K (1300®F) to 1255 (1800°F) for L605, 1033K 
(1400®F) to 1155K (1620°F) for Rene’ 41, and 1089K (1500°F) to 1478K (2200®F) for 
TDNiCr, Stress levels were selected at each temperature to yield 100 cycle 
creep strains of up to approximately 1%, the range of interest in analysis of TPS 
panels . 

Analysis of cyclic tensile test data for each material resulted in empirical 

equations describing cyclic creep response characteristics as a function of stress, 

temperature, and time. These equations are presented in Table 2-1. Each equation 

represents a fit of cyclic data based on regression analysis. For each material 
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FIGURE 2-1 STRESS AND TEMPERATURE PROFILES FOR PHASE I TENSILE CYCLIC CREEP TESTS 
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considerable effort was directed toward determining appropriate equation forms, 
including stress, time and temperature interaction terms, to provide a ”best fit" 
over the entire range of data resulting in the different equation forms shown. 
Typical comparisons of the tensile cyclic data and empirical equation predictions 
for each material are shown in Figures 2-2 through 2-4. Generally, the TDNiCr 
specimens failed at creep strains below .15%. 

Because the empirical equations presented in Table 2-1 were derived from 100 
cycle testing for 20 minutes at load per cycle, the total time of applicability of 
each of the equations is 33.3 hours. In the analysis of TPS panels subjected to 
mission load and temperature profiles, the profiles are "idealized" by dividing them 
into steps of constant load and temperature. To Investigate the applicability of 
the empirical equations to these profiles, tests were also conducted for each 
material using the profile shown in Figure 2-1 with a ten-minute per cycle time at 
load and peak temperature. Results of these comparisons for each of the 10 minutes 
per cycle and 20 minutes per cycle materials are shown in Figure 2-5 for equal 
total time at load. Because close agreement between these test data was obtained, 
the equations are considered to be applicable in analysis of idealized mission 
profiles where smaller time steps are used. Also, this total time of equation 
applicability of 33.3 hours will be important in the analysis of test data where 
longer times of the stress and temperature profiles may result in a reduction of 
the number of cycles over which the equations are applicable. 

Cyclic tensile tests were also conducted where stress was varied as a function 

of cycle (stepped stress tests) and where stress and temperature were varied within 

each cycle (mission profile tests) . These test data were used to evaluate the 

applicability of the time and strain hardening theories of creep accumulation. 

Comparison of predicted creep strains using these hardening theories in conjunction 

with the empirical equations indicated that neither theory consistently provided 
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PHASE I CYCLIC TENSILE CREEP DATA 
EMPIRICAL EQUATION PREDICTION (TABLE 2-1) 





47.2 MPa 


FIGURE 2-2 COMPARISON OF L605 PREDICTED AND CYCLIC TEST CREEP 
STRAINS AT 1144 K 



104.1 MPa 


FIGURE 2-3 COMPARISON OF RENE 41 PREDICTED AND CYCLIC TEST CREEP 
STRAINS AT nil K 
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cycles 

FIGURE 2-4 COMPARISON OF TDNiCr PREDICTED AND CYCLIC TEST 


CREEP STRAINS AT 1478 K 
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good predictions. Comparison of strain hardening and time hardening predictions 
with L605 cyclic tensile data showed that the strain hardening theory provided the 
best predictions for tests where stress was continually decreased as a function of 
cycle and the time hardening theory provided the best prediction for tests where 
stress was continually increased as a function of cycle. Therefore, an approach 
was proposed where both strain hardening and time hardening theories were used at 
each analysis step depending on whether the creep strain rate decreased or 
increased, respectively. Although this improved predictions for the L605 mission 
profile trajectory tests, it did not improve prediction for the other materials. 

For Rene’ 41, predictions based on the time hardening theory of creep accumula- 
tion were generally considered best. Predictions based on the strain hardening 
theory of creep accumulation were found to be approximately the same as for time 
hardening in predicting strains for testing where the stress was continuously 
increased as a function of cycle. Both predictions were close to test values. For 
specimens where stress was continually decreased, the time hardening predictions 
were up to 30% higher than test strains. However, predictions based on strain 
hardening were even higher, up to 75% higher than the time hardening predictions. 

Predictions of creep strains for TDNiCr trajectory profile tensile tests using 
the cyclic creep equation, were found to be from 30% to 70% of test strains, at 100 
cycles. The applicability of hardening theories used in panel analysis will 
significantly effect prediction capability. 

Another variable considered in Phase I tensile creep testing was the possible 
effect of recovery phenomena. To investigate this, tests were conducted where the 
stress profile was maintained for a longer period of time while temperature was 
being decreased rapidly, as shown in Figure 2-6(a). These comparative tests were 
conducted on L605 and Rene’ 41 tensile specimens. Test results, shown in Figure 

2-6 (b). Indicated that no variation in creep strains could be determined for the 
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(c) RENE '41 AT 1111 K 


FIGURE 2-6 EFFECT OF MAINTAINING LOAD DURING HEAT UP AND 
COOL DOWN PORTIONS OF THE CYCLE PROFILE 
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L605 specimens, as indicated by the strain-time data plots. However, Rene' 41 creep 
strain results were consistently higher for each of three specimens tested. These 
results, plotted as a function of the stress levels, at 100 cycles are shown in 
Figure 2-6(c). This variation in creep strains for Rene' 41 was greater than 
expected based on data scatter as determined in the development of empirical 
equations. From these results it is difficult to draw conclusions as to the 
differences between the mission profile test results and predictions based on 
empirical equations developed for the twenty minute per cycle stress level. How- 

» It has been demonstrated that an effect, due to possibly a material recovery 
phenomena, may exist to different degrees in the different materials, which may 
effect panel deflection predictions. 

The empirical cyclic creep strain equations developed in Phase I were based 
on tests conducted on the thin gage sheet specimens ('\',025 cm) for each material. 
Initially in Phase I, steady state tests were conducted on both these thin gage 
materials and also on specimens from a sheet thickness of .064 cm. An effect of 
gage on creep response (thin gages creep faster) was noted in the L605 steady state 
tests and also in steady state data obtained from the literature. This effect 
is attributed to a change in material processing at about t = .064 cm. This type 
of effect is discussed here to point out possible effects from sheet to sheet and 
4ue to thickness which may effect prediction capability in applying empirical 
equations developed on this program to panel tests from other programs. 

For each of the alloys, cyclic tensile creep tests were conducted in Phase I to 
obtain data for the assessment of possible effects of atmosphere pressure on creep 
response. To provide these data, replicate tests were conducted, using idealized 
mission stress and temperature profiles. However, atmospheric pressure was held 
constant at 1.33 Pa, in one of the tests while a mission pressure profile was 
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applied in the other test. In each case variations in creep strain results were 
relatively small and were considered within the range of scatter for replicate tests. 
Therefore, no effect was attributed to atmospheric pressure. 

2.2 PHASE II ~ PREDICTION AND VERIFICATION OF PANEL CREEP DEFLECTIONS 

Phase II was directed toward developing and verifying capability for prediction 
of creep deflections in metallic heat shields subjected to cyclic entry environments, 
A computer program. Thermal Protection System Creep (TPSC) was developed for 
predicting beam creep deflections and was used to predict results of subsize panel 
testing. Details of this work have been reported in the Phase II Summary report 
(Reference 2) and in the TPSC Program User Manual (Appendix B) . This program 
offers an approach to creep predictions through application of iterative techniques 
and numerical integration. In the analysis, panel length is divided into segments 
over which bending moments are assumed constant and panel depth is divided into 
increments over which stresses and strains are assumed constant. The single skin 
corrugation TPS configuration with a skin bead, is automatically Idealized through 
appropriate geometry input to the program. All of the full size panels analyzed 
in Phase III were of this configuration. 

Using a linear strain assumption, beam rotations are iteratively determined, 
based on either the time hardening or strain hardening theories of creep accumula- 
tion. Material cyclic creep response properties developed from tests of tensile 
creep specimens in Phase I were used in the analysis and because the time hardening 
approach provided more consistently the best predictions of subsize panel data in 
Phase II, it was used for analysis purposes in Phase III. The TPSC program capa- 
bility also includes definition of temperature as a function of beam length and 
depth, and the application of bending distributions for a full size panel based on 
tlic edge stiffness and the longitudinal and transverse panel stiffness. The 
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capability of including temperature as a function of panel length was utilized in 
analysis of the Reference 3 studies (Section 3.1) where temperature distributions 
were known. 

Moment distributions are internally defined based on uniform pressure loads 
and simple panel supports. In addition, the moment distribution can be automatically 
calculated as a function of panel edge stiffness and the ratio of panel stiffness 
in the longitudinal and transverse directions. This option is based on combining 
solutions for an isotropic plate with two sides simply supported and two sides 
elastically supported as offered by Timoshenko (Reference 4) and the solution for 
an orthotropic plate with four sides simply supported as offered by Lekhnitskii 
(Reference 5). This option provides a first order approach to account for Poisson’s 
effects in orthotropic plate structures. However, this option was not applied to 
the analysis of full size panel data in Phase III because of the large ratio of 
longitudinal to transverse stiffness for corrugated panels analyzed and because of 
the general lack of edge stiffness in the test panels. Edge stiffness was gener- 
ally minimized in the full size panel tests to simulate as closely as possible 
actual entry vehicle panel conditions. 

Both pressure and temperature load inputs are based on idealization of the 
test profiles into discrete time steps. During Phase I, cyclic tensile tests were 
conducted for both mission profiles and idealized profiles. Comparison of test 
results Indicated that a minimum number of steps (4 steps used in Phase I testing) 
provided good correlation of results. 

The following basic assumptions are made in the analysis: 

a) Only bending stresses are considered in the analysis. Deflections due to 
shear are assumed negligible. 
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b) Total creep strain plus elastic strain distributions through the panel 
depth are linear. 

c) Load and temperature distributions and calculated deflections are assumed 
symmetrical with respect to the panel centerline 

d) Creep response equations, defined by the user, are assumed to be applic- 
able for both tensile and compressive stresses. In addition, the equations 
developed based on Phase I cyclic testing are assumed to be applicable for 
the sheet material used in fabrication of the full size panels. 

e) Stress distributions are assumed uniform in the horizontal thin gage 
sections of the panel cross sections. In particular, the thin gage skin, 
loaded in compression, is assumed to carry load uniformly (except as 
altered by the My /I distribution in the bead) across the pitch length. 

It is difficult to determine how much each of these assumptions might influence 
the predictive capability of the TPSC program. The first three of these assumptions 
probably are the most applicable to the analysis. The last two assumptions are of 
most concern as to applicability. Certainly the scatter documented in literature 
for sheet to sheet variations in creep response as well as variations in TPS panel 
skin stress distributions evidenced through strain gage data (References 3 and 6) 
and the occurrence of skin buckling (References 2 and 3) noted in TPS panel test- 
ing will effect creep deflections. Applicability of the hardening theories to the 
real material response will also be an unknown in the full size panel analysis. 

Even with all of these assumptions considered, the TPSC computer program has 
been demonstrated to provide needed capability for prediction of permanent 
deflections, due to creep, in entry vehicle metallic thermal protection system 
panels subjected to complex cyclic loading conditions. The TPSC program is written 
in Fortran IV and is operational on the CDC 6600, 
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Four L605, three Rene' 41, four Ti-6A1-4V, and two TDNiCr subsize (6.35 cm by 
30.5 cm) corrugation stiffened TPS panels were tested to provide creep deflection 
data for verification of prediction capability in Phase II. These specimens were 
fabricated using thin gage (approximately .025 cm) sheet material, however, the 
section geometry was more compact (pitch = 1.91 cm and depth = 1,27 cm) than those 
found in the full size panel testing. In addition, no skin bead was used in the 
subsize panels. Rib cross section specimens were also fabricated for test using 
thicker gage ('\^.064 cm) L605 and Ti-6A1-4V sheet material. 

Testing of subsize panels was conducted in a vacuum furnace, using a load 
mechanism specifically designed to apply panel bending loads that would be 
independent of panel deflection. Permanent deflections, due to creep, were 
measured as a function of cycle. Each test consisted of cycling the panel for up 
to 100 temperature and bending load profiles representative of Shuttle entry 
missions. Two types of cyclic profiles were used. The first consisted of a 
constant load and temperature applied for twenty minutes, with heat up and cool 
down periods at zero load yielding total cycle time of fifty five minutes. Two 
L605, two Rene' 41, three Ti-6A1-4V, and one TDNiCr subsize panels were tested 
to this type profile. The second type of profile consisted of mission temperature 
and load profiles for the same total cycle time as for the constant load cycles. 
The remainder of the seventeen panels (four L605, one Rene' 41, three Ti-6A1-4V, 
and one TDNiCr) were tested to these mission profiles. 

Comparisons of the subsize panel creep deflection predictions with test 
results were made in Phase II (Reference 2). Predicted deflections, as a function 
of cycle, for the L605 subsize panels tended to be lower than test values for 
approximately 15 cycles and then Increase to higher than test values by the con- 
clusion of the test. This same trend was noted in the comparison of tensile 
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creep data and empirical equation predictions. Predicted panel creep deflections 
obtained using the time hardening theory of creep accumulation were found to 
generally yield the best predictions. Predicted deflections for :he Rene* 41 
panels generally were not as close to test values as had been demonstrated in the 
case of L605. Again, the time hardening theory of creep accumulation provided the 
best deflection predictions, although these predictions were lower than test data 
for the mission profile and higher than test data for the constant load and 
temperature profiles. Predictions for the Ti-6Al-4V panels generally agreed with 
test results. The shape of the predicted deflection curve as a function of time 
(or cycle) was in good agreement with the test data which is consistent with the 
prediction capability of the empirical equation for Ti-6A1-4V, Predictions for 
the TDNiCr subsize panels were a factor of two high in one test and a factor of 
two low in the other test. No rational was determined for this apparent incon- 
sistency although all deflections were small (^,05 cm). 
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3,0 ANALYSIS OF FULL SIZE PANEL DATA 

The Phase III effort consists of evaluation and analysis of full size panel 
data. In each case, analysis consists of the idealization of test load and 
temperature profiles and calculation of the TPS panel deflections using the 
material cyclic creep properties developed in Phase I and creep deflection pre- 
diction methods developed in Phase II. 

Four sets of panel data were evaluated in this phase. These data were for 
L605 panels and Rene* 41 panels tested at McDonnell Douglas Corporation (Reference 
3) and Ha}nies 25 (L605) and TDNiCr panels tested at Grumman Aerospace Corporation 
(References 6, 7 and 8), Although it was desirable to evaluate data on panels 
for each of the four materials studied in Phases I and II, no test data on testing 
of full size titanium TPS panels were found. 

3.1 SSTP PROGRAM L605 AND RENE* 41 PANELS 

The SSTP program (Supplementary Structural Test Program) was a supplement 
to the Space Shuttle System Program Definition, conducted at McDonnell Douglas 
Astronautics Company - East. This program consisted of designing, fabricating, 
and testing of Space Shuttle primary structure and thennal protection systems. 
Purposes of the program were to verify feasibility of design concept, provide 
design data, demonstrate producibility , demonstrate reusability and verify unit 
weight predictions. Included in this program was the testing of L605 and Rene* 41 
full scale metallic TPS panels. 

Each test assembly consisted of two test panels, smaller side panels to 
provide proper boundary conditions, support beams and struts, and a section of 
simulated tank structure. Figure 3-1 shows the test assembly. The two primary 
test panels are each 50.8 cm, x 50.8 cm (20** x 20**). The 12.7 cm (5 in.) wide 
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(a) FULL SCALE 
SSTP PANELS 
IN TEST FIXTURE 
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FIGURE 3-1 SSTP PANEL TEST GEOMETRY 


3-2 


MCDONNELL DOUGLAS ASTflONAU-riCS COMfANV m EAST 




NAS-1-1 1774 


"^^^PREDICTION OF CREEP IN 
METALLIC TPS PANELS 


PHASE III 

SUMMARY REPORT 


side panels simulated the boundary conditions by Isolating the primary 
panels from the water cooled test fixture. The support beams for the panels were 
50.8 cm (20 in.) apart. The panels were supported by ”hat section beams and 
retaining straps with sufficient clearance to permit free expansion. The beams in 
turn were supported by tubular struts and drag links. Figures 3-l(a), 3-1 (b), and 
3-1 (c) show the details of this construction. The beam also supported the insula- 
tion packages. To accommodate thermal expansion, the panels were mounted with 
slip fit joints. For the analysis, the panels were assumed to have simple supports 
at the edges because end fixity and friction were difficult to define. 

The panels of both materials were the same basic design; single faced, 
corrugation stiffened, with beaded face skins and reinforcing doublers on the ends 
of the corrugations. The doublers served a dual purpose. They not only stiffened 
the corrugation ends, but they were also made thick enough so that after assembly 
a light machine cut could be taken across the doublers to make a close tolerance 
uniform thickness panel. Panels differed in corrugation depth as shown in 
Figure 3-1 (d). The shallow beads in the face skins were designed to relieve the 
stresses caused by the thermal gradients. Heat treatment of the L605 and Rene' 41 
panels were performed in two phases. For the first phase the panels were heated 
in air, without any restraining fixtures, so that a high emittance oxide coating 
would form on all surfaces. The panels were then clamped and heated a second time. 
These coating and straightening operations were incorporated into the normal heat 
treating sequence for the materials. 

Testing consisted of exposing the structures to repeated cycles of simulated 
mission environment. Each cycle consisted of exposure to assent pressure, entry 
pressure and temperature, and cruise pressure, as shown in Figures 3-2 (a) and (b) 
for L605 and Rene* 41 panels respectively. Blocks of these cycles were followed 
by blocks of acoustic test cycles. 
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(a) L605 Panel 



FIGURE 3-2 SIMULATED TEST MISSIONS USED IN SSTP PROGRAM 
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The programmed TPS differential pressure levels were met during the entry 
phase of the mission. Launch differential pressure levels were usually 35% low 
and cruise differential pressures were 50% low due to high TPS panel leakage. 

The Rene* 41 TPS panel was subjected to the complete 100 mission program, while 
the L605 panel was exposed to 30 temperature-pressure tests and 100 acoustic tests. 
Throughout each cycle the panel temperatures, not influenced by the joint, were 
controlled during heating. The cooling portion of the mission, however, was 
uncontrolled and in all cases cooled somewhat faster than expected. The lamp 
array used for heating the panels was made in sections creating an unavoidable 
gradient in the panels. Thermocouples were positioned so this gradient could be 
measured - 

As part of the periodic inspections, the surface of the panels were mapped 
to detect any warpage or permanent set caused by the simulated missions. The 
aft panel on each of these assemblies deflected more than the forward panel. 

There was no obvious explanation for this difference, although it was probably 
caused by some phenomena associated with the test set-up. It is possible that the 
time at temperature for one panel was consistently slightly longer than the other. 

The following sections describe the effort in evaluating data and in provid- 
ing cyclic creep deflection predictions for these L605 and Rene* 41 TPS panels. 

3.1.1 SSTP PROGRAM L605 PANEL 

SSTP L605 temperature data (Reference 3) were reviewed to define actual panel 
temperature distributions which would be applicable to the panel analysis. The 
data points for several representative cycles are used in developing the tempera- 
ture variations shown in Figure 3-3. As indicated in the referenced report, the 
influence of the lamp bank splice was approximately 30K (-50®F). Variation is 
noted between the panel edge and center temperature levels, however, no significant 
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FIGURE 3-3 L605 TPS PANEL MEASURED TEMPERATURE DISTRIBUTIONS 
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difference can be detected between the forward and aft panels at either the center 
or edge locations. 

Analysis of the panels was conducted for the reentry portion of the mission 
profile (Figure 3-2 (a)). This profile was idealized into five constant tempera- 
ture and differential pressure steps as indicated in Figure 3-4. Analysis was 
based on using the panel temperature distributions from Figure 3-3 defined as a 
function of time by the profiles in Figure 3-4. 

Comparisons of creep deflection predictions with measured deflection data 
are presented in Figure 3-5. Considerable effort was given to evaluation of the 
creep deflection test data. A significant amount of variation was noted as 
indicated in the plots of Figure 3-5. Therefore, it is difficult to draw conclu- 
sions as to the prediction capability. A careful review of the reference 4 data 
did not reveal any differences which would account for the variation in deflection 
between the forward and aft panels as indicated in Figure 3-5(a). The prediction 
shown is based on the maximum of the temperature range shown in Figure 3-3 at the 
panel center. Analysis conducted using the minimum value of the temperature range 
resulted in approximately a 10% lower creep deflection prediction. The prediction 
shown for the panel edge in Figure 3— 5(b) is based on the corresponding temperature 
distribution in Figure 3-3. Predicted deflections are based on the same unsup- 
ported span length (45.7 cm) and referenced measurement length (41.3 cm) as used 
in the SSTP Program. Data used in the analysis are presented in Tables 3-1 (a), 

(b), and (c). 
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FIGURE 3-4 L605 ENTRY PROFILE USED IN CREEP PREDICTION ANALYSIS 
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FIGURE 3-5 COMPARISON OF L605 PANEL TEST AND PREDICTED CREEP DEFLECTIONS 
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DEPTH 

S 

1 ,85 cm 

(.729 in) 

PHICOR 

- 

12. 63** 


PITCH 


3,63 cm 

(1.43 in) 

FLAT 

as 

.71 cm 

(.28 in) 

TS 

- 

.0216 cm 

(.0085 in) 

TC 

a 

.0140 cm 

(.0055 in) 

PANEL LENGTH 

- 

45,7 cm 

(18. in) 

BWID 

= 

2.62 cm 

(1.03 in) 

BDEP 

*= 

.28 cm 

(.11 in) 


(a) L605 Panel Geometry 


r 

TIME 

(MIN) 

PRESSURE 

KPa 

PANEL TEMPERATURE - K (“F) 

(PSI) 

x=o 

X=5.1 

X=10.2 

X-15.2 

X-20.3 

X=22.9 

0 - 

1.33 

.76 

( .11) 

1149 

(1609) 

1162 

(1631) 

1167 

(1640) 

1159 

(1627) 

1129 

(1573) 

1122 

(1560) 

1.33 - 

4.67 

.76 
( .11) 

1261 

(1810) 

1275 

(1835) 

1281 

(1845) 

1272 

(1830) 

1239 

(1770) 

1231 

(1755) 

4.67 - 

7.50 

1.65 
( .24) 

1261 

(1810) 

1275 

(1835) 

1281 

(1845) 

1272 

(1830) 

1239 

(1770) 

1231 

(1755) 

7.50 - 

8.50 

2.48 
( .36) 

1256 

(1800) 

1269 

(1825) 

1275 

(1835) 

1267 

(1820) 

1233 

(1760) 

1225 

(1745) 

8.50 - 

11.33 

1.65 
( .24) 

1038 

(1408) 

1048 

(1427) 

1053 

(1435) 

1046 

(1423) 

1021 

(1377) 

103 4 
(1365) 


(b) Temperatures and Pressures Along Panel Center 


TIME (MIN) 

PRESSURE 

KPa 

(PSI) 

PANEL TEMPERATURE ~ K (°F) 

X=0 

X=5.1 

X=10.2 

X=15.2 

X=20.3 

X=22.9 

0 - 1.33 

.76 

( .11) 

1076 

(1476) 

1108 

(1534) 

1115 

(1547) 

1108 

(1534) 

1090 

(1502) 

1088 

(1498) 

1.33 - 4.67 

. 76 

( .11) 

1178 

(1660) 

1214 

(1725) 

1222 

(1740) 

1214 

(1725) 

1194 

(1690) 

1192 

(1685) 

4.67 - 7.50 

1.65 
( .24) 

1178 

(1660) 

1214 

(1725) 

1222 

(1740) 

1214 

(1725) 

1194 

(1690) 

1192 

(1685) 

7.50 “ 8.50 

2.48 
! ( .36) 

1173 

(1651) 

1209 

(1716) 

1217 

(1731) 

1209 

(1716) 

1194 

(1681) 

1187 

(1676) 

8.50 - 11.33 

1.65 
( .24) 

973 

(1291) 

1001 

(1341) 

1007 

(1353) 

1001 

(1341) 

986 

(1314) 

983 

(1310) 


(c) Temperatures and Pressures Along Panel Edge 


TABLE 3-1. GEOMETRY AND LOADING DATA USED IN L605 PANEL ANALYSIS 
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FIGURE 3-6 RENE'41 TPS PANEL MEASURED TEMPERATURE DISTRIBUTIONS 
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Initial analysis using a five time step idealization of the temperature and 
load profiles (reference Figure 3-4 for L605) indicated that less than 2 percent 
of the creep deflection occurred during the first and last time steps due to lower 
temperatures than in the other three steps. Therefore, subsequent analysis for 
Rene’ 41 panels was conducted using the three step idealization of the entry 
test profiles as shown in Figure 3-7. The first step at constant peak temperature 

was extended in this case by approximately one half minute to compensate for the 
deleted two steps. 

Comparisons of predicted panel deflections with test data are provided in 
Fxgure 3-8. Three predicted deflection curves are shown for the panel midspan 
(Figure 3-8 (a)). The two curves of highest predicted creep deflection (designated 
A and B) are based on constant panel temperatures of 1144K (1600°F) and 1128K 
(1570°F) corresponding to the trajectory profile (Figure 3-7) temperature and the 
mlnxmum panel center temperature distribution (Figure 3-6), respectively. These 
two analyses show the effect of this temperature variation on the predicted creep 
deflections. Both of these predicted curves are based on skin and corrugation 
gages of .0216 cm (.0085 in) and .0140 cm (.0055 in), respectively. 

In an effort to demonstrate the effect of gage effects on the creep deflection 
a third analysis was conducted (curve C) using the skin and corrugation gages of 
.0254 cm (.0100 in) and .0178 cm (.0070 in). The constant temperature of 1128K 
(1570'*F) was applied, allowing comparison with the corresponding predicted deflec- 
tion presented for the thinner gages (curve B) . Again considerable variation was 
evxdent in the deflection data for the forward and aft panels tested. Shown in 
Fxgure 3-8(b) is the predicted creep deflection based on the panel edge tempera- 
ture distribution defined in Figure 3-6. The panel dimensions, loads, and 
temperatures used in the analysis are defined in Table 3-2 (a), (b), and (c) . 
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FIGURE 3-7 RENE’41 ENTRY PROFILE USED IN CREEP PREDICTION ANALYSIS 
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FIGURE 3--8 COMPARISON OF RENE'41 PANEL TEST AND PREDICTED CREEP DEFLECTIONS 
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TIME (MIN) 

PRESSURE 

KPa 

(PSD 

TEMPERATURE (CONSTANT ALONG LENGTH) 

CURVE 
(FIG. 3^ 

CURVE 
(FIG. 3^ 

CURVE Q 
(FIG. 3^ 

0 * 4.2 

1 .03 
(.15) 

1144 K 
(1600 ®F) 

1128 K 
(1570°F) 

1128 K 
(1570°?) 

4.2 - 7.0 

2.20 

(.32) 

7.0 - 8.0 

3.45 

(.50) 


(b) Temperatures and Pressures Along Panel Center 


TIME (MIN) 

PRESSURE 

KPa 

(PSI) 

TEMPERATURE - K (“F) 

x=o 

X-5.1- 

X=10.2 

X=15. 2 

X=20.3 

X=22.9 

0 - 4.2 

1 .03 
(.15) 

1100 

(1520) 

nil 

(1540) 

1111 

(1540) 

1097 

(1515) 

1083 

(1490) 

1081 

(1485) 

4.2 - 7.0 

2.20 

(.32) 

7.0 - 8.0 

3.45 

(.50) 


(c) Temperatures and Pressures Along Panel Edge 


TABLE 3-2. GEOMETRY AND LOADING DATA USED IN RENE’ 41 PANEL ANALYSIS 
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3>2 GRUMMAN TDNiCr PANEL 

Evaluation of TDNiCr, from the standpoint of creep deflections in TPS panels, 
represents a different case than the other TPS materials because relatively little 
creep is evident in this material before failure occurs. Because of these low 
creep strains and resulting low test panel deflections, the data have tended to 
exhibit a greater amount of scatter. 

The TDNiCr panel data evaluated in this section were obtained from Reference 
8. The TPS panel tested consisted of a corrugation stiffened TDNi-20 Cr metallic 
heat shield backed by a flexible fibrous quartz and radiative shield insulation 
system. The test article represents the intersection of two 50.8 cm (20 inch) 
square panels as shown in Figure 3-9. Each panel consists of a beaded 0.025 cm 
(.010 inch) skin and corrugation. Detail dimensions of the corrugation cross 
section, used in analysis for panel deflections, are presented in Figure 3-10. 

These panels were tested to 90 cycles of combined pressure and temperature 
loading, simulating critical heating and aerodynamic pressure environments 
expected during repeated missions of a reentry vehicle. Prior to these 90 cycles, 
the panels were subjected to 10 cycles of heating conditions only. Typical 
thermal distributions determined during these cycles are included in Figure 3-9 
at various locations on the panels. 

Entry test profiles (Reference 8) and idealizations used in the analysis are 
shown in Figure 3-11. For purposes of analysis these profiles were idealized into 
the three constant load and temperature steps shown. These temperatures were 
assumed to be constant along a panel length of 47. cm (18.5 in.). Analysis of the 
corrugation panel geometry under the Idealized loads and temperature profiles was 
conducted using the analytical methods developed in Phase II (Reference 2). The 
empirical creep strain equation (Table 2-1) developed in Phase I, was used in the 
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FIGURE 3-10 TDNi Cr TEST PANEL CORRUGATION DEFINITION 
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FIGURE 3-11 TEST AND IDEALIZED LOADING AND TEMPERATURE PROFILES 
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analysis to represent the material creep strain response and the time hardening 
theory of creep accumulation was applied. 

Shown in Figure 3-12 are comparisons of the predicted creep deflections with 
measured permanent test deflections. The test deflections are plotted from 
initiation of the combined load and temperature cycles for four midspan locations 
referenced to the panel geometry in Figure 3-9. A significant variation is noted 
in these test data. In the reference 8 report the variation was attributed to the 
slightly higher temperatures observed at locations A and B. In addition it was 
noted that there was a significant increase in permanent deflection at locations 
C and D, between cycles 1 and 9. This was attributed to residual stresses, built 
into the panel during manufacture and assembly as well as thermally induced loads. 
Therefore, there remains some question as to the true amount of creep occurring 
between cycles 1 and 9. 

The predicted creep deflections indicate a lower rate of creep than observed 
in testing. This is attributed to the empirical equation in the stress and 
temperature range applied. The analysis showed that approximately 75% of the 
creep occurred during the first load-temperature step in the profile (Figure 3-11). 
Temperature during this step was 1478K (2200°F) and calculated corrugation outer 
fiber stress was approximately 23 MPa (3300 psi). Comparison of Phase I cyclic 
tensile creep data with the empirical equation predictions shown in Figure 2-4 
also indicate the lower slope of the predicted strains. The wide variation in 
creep deflections cannot be predicted, based on the temperature data. 


3-20 


/VFCOO/V/VC4-C D€>iJGi~AS OO/Vf V « tEA9T 



ISlAS-1-11774 




NAS-1-11774 


^^PREDICTION OF CREEP IN 
METALLIC TPS PANELS 


PHASE III 

SUMMARY REPORT 


3.3 GRUMMAN HAYNES 25 PANEL 

A Haynes 25 (L605) panel was tested by Grumman Aerospace Corporation and 
results presented in References 6 and 7. The panel tested was designated as panel 
No, 3 in the references and was segmented, as shown in Figure 3-13, into four 
separate test panels. The cross section geometry was single face corrugation 
stiffened with a skin bead of approximately 0.25 cm (0.10 in.) depth. These 
panels were supported at the ends (simple support assumed for analysis) over a 
47.2 cm (18.6 inch) span and subjected to a uniform pressure profile of 2.42 kPa 
(0.35 psi). The temperature profile used in the cyclic testing is presented in 
Figure 3-14. Also shown is the two step idealized temperature profile used in 
the analysis. Panel geometry and dimensions used in the analysis are provided in 
Figure 3-13. For each of the panels, analysis was conducted for two different 
temperature levels because of the cycle to cycle test temperature variations as 
indicated in Figure 3-15. The time hardening theory of creep accumulation was 
applied in conjunction with the L605 cycle creep mpirical equation (Table 2-1) 
developed in Phase I. 

Comparison of resulting predictions with the Reference 6 experimental data, 
shown for the NE and SW panels in Figure 3-16(a) and (b), respectively, show that 
the experimental deflections are considerably higher than predicted. No explana- 
tion of this variation between theory and test has been determined based on the 
data in the reference- 
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FIGURE 3-13 PANEL GEOMETRY FOR GRUMMAN HAYNES 25 PANEL TESTS 

3-23 


MCOONISIELL. DOUGLAS ASTDOMAUnCS CGMDANV • MAST 




^^PREDICTION OF CREEP IN 
METALLIC TPS PANELS 


PHASE III 

SUMMARY REPORT 


NAS-1-11774 



FIGURE 3-14 HAYNES 25 PANEL TEMPERATURE PROFILE 
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FIGURE 3-15 HAYNES 25 PANEL AVERAGE PEAK MEASURED TEMPERATURE 
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(a) NE Panel 



(b) SW Panel 


FIGURE 3-16 COMPARISON OF PREDICTED CREEP DEFLECTIONS WITH 
TEST DATA FOR HAYNES 25 PANELS 
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4.0 PHASE III CONCLUSIONS 

Comparison of permanent cyclic creep deflections, obtained in testing of full 
size thermal protection system panels, with predicted values has met with varied 
degrees of success. Prediction capability for L605 and Rene’ 41 appears to be 
reasonably good, although there is much variation in the test data, even for panels 
tested simultaneously to the same temperature and load level. Prediction capabi- 
lity for TDNiCr appears to be less accurate although recognition of the low creep 
rate of TDNiCr has led to minimization of effort on creep response definition 
throughout the program. Predictions for the full size panels are summarized in 
Table 4-1, showing that prediction accuracies cannot, in general, be expected to 
be better than a factor of two. These predictions were made using the time harden- 
ing theory of creep accumulation. 

Resulting predictions of cyclic creep deflection have been shown to be sensi- 
tive to both stress level and temperature. This makes prediction capability more 
difficult since variations from cycle to cycle were known to occur but may not 
have been defined for each cycle. Such factors as an overshoot in temperature for 
only one cycle or a few cycles could significantly increase the total test deflec- 
tions attained. In addition, the test panels were generally subjected to other 
environments such as high launch phase loading and acoustic environments, which 
possibly contribute to redistribution of panel relative displacement and variation 
in the data. 
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TABLE 4-1. SUMMARY OF FULL SIZE PANEL CREEP DEFLECTIONS 


TEST PANEL 

RANGE OF 
TEST DEFLECTIONS 
Cm 

PREDICTION 

Cm 

PREDICTION AS 
% OF TEST 
AVERAGE 

L605 

(Sec. 3.1.1) 

CENTER 

.071 - .127 

.064 

64% 

30 Cycles 

EDGE 

.036 - .066 

.043 

85% 

Rene' 41 
(Sec. 3.1.2) 

CENTER 

.127 - .330 

,033 

144% 

100 Cycles 

EDGE 

.076 - .239 

.114 

73% 

TDNiCr 
(Sec. 3.2) 

50 Cycles 

.013 - .305 

.064 

40% 

Haynes 25 
(Sec. 3*3) 

20 Cycles 

.170 - .290 

.100-. 120 

48% 
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5.0 THERMAL PROTECTION SYSTEM DESIGN CRITERIA 

During the course of Phases I, II, and III of this program several factors 
affecting creep of metallic TPS and considerations in the design and analysis of 
metallic TPS have been identified. During Phase I (Reference 1) tensile creep 
testing was conducted on L605, T1-6A1-4V, Rene* 41, and TDNiCr specimens under 
both steady state and cyclic loading and temperature conditions. Test matrices 
were established to provide maximum data throughout the temperature, stress, and 
strain range of interest with a minimum number of tests. Resulting data were 
analyzed to provide empirical equations expressing both steady state and cyclic 
creep strain as a function of temperature, stress, and time. Additional tests were 
conducted to evaluate other factors influencing cyclic creep strain such as the 
applicability of creep accumulation theories and effects of test time per cycle 
and material thickness. During Phase II (Reference 2) methods were developed for 
predicting creep deflections of thin gage metallic thermal protection system 
panels subjected to complex temperature and loading environments. Subsize panels, 
fabricated from the same material as used in Phase I, were tested to provide data 
for analysis verification. In the analysis of these data, factors such as 
sensitivity of the prediction to temperature variations were studied and expected 
accuracies were noted. Analysis of full size TPS panel test data in Phase III 
provided additional Insight into expected analysis accuracies. 

This section summarizes program results in a format which can serve as a 
criteria in accounting for creep in the preliminary design of metallic thermal 
protection systems. In addition to specific information obtained on this program, 
applicable experience based on results from other programs felt applicable to 
creep of TPS is also included. 
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5.1 GENERAL CONSIDERATIONS 

Critical Design Conditions 

TPS panels must first be sized based on strength and stiffness considerations 
over the entire range of flight conditions. The material choice is dictated by 
the peak temperatures occurring during entry. Critical design conditions have 
generally been found to be peak pressure loads and acoustic loadings occurring at 
relatively low temperatures during ascent or cruise conditions. Envelopes of 
panel strength and flight conditions such as that demonstrated in Figure 5-1 are 
helpful in visualizing the critical conditions for these panels. The example 
shows the panel to be critical during cruise where the peak pressure is applied 
at low temperatures. The panel strength then exceeds requirements throughout the 
remainder of the mission. 

Panel Deflections 

Deflections which must be considered are elastic deflections of the panel 
under applied differential pressure loads, thermal deflections which result from 
temperature gradients through the panel depth, and permanent creep deflections 
which accumulate throughout the life of the TPS panel. Various allowable deflections 
have been established such as those in References 9 and 10 which are shown in 
Equation (1) and (2) respectively. 

6 = .25 + .OIL cm (1) 

6 = .25 + .04L [(B.S.-30.5)/280] cm (2) 

where B.S. = VEHICLE BODY STATION 

These equations provide for maximum deflections of .75 cm and 2.25 cm 
(@ B.S. =787 cm (310 in)), respectively for a 50 cm (20 inch) long panel. Allowable 
total deflections must be established for each system based on the thermodynamic 
and aerodynamic requirements. 
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The relative importance of thermal deflection has generally not been assessed 
in past studies. These deflections will be zero during steady state conditions 
where temperatures are uniform through the panel depth. During heating, when the 
maximum temperature occurs on the outer surface of the panel, the deflections will 
be in the opposite direction from the elastic and accumulated creep deflections. 

Panel Replacement and Inspection 

In the context of panel deflections, a failure will be an excessive deflection 
which requires panel replacement. Requirements for the panel design deflections 
will result from trading off refurbishment cost against any weight penalty which 
might result from the necessity to resist creep deflections. 

It is expected that panels in one area of the vehicle might creep much 
faster than in other areas due to particular mission maneuvers, etc. Therefore, 
replacement of same panels may be required after each mission. It does not seem 
to be desirable or possible to optimize these panels from the standpoint of 
deflection over the entire vehicle since the mission requirements will provide 
considerable variation in applied loadings from one mission to another and from 
one location to another location on the vehicle. Visual inspection with spot 
centerline measurements, using a simple bar/dial gage tool would be sufficient 
to detect excessive. deflections . 

5.2 DESIGN CONSIDERATIONS - THERMAL EXPANSION 

One of the primary considerations in the design of TPS panels is that the 
panel be allowed to expand freely under thermal loadings. Allowances must be made 
for thermal expansion both at the panel joints and on the panel surface. 

Expansion is generally accomplished at the joints by fixing the panel at one 
end and allowing it to slide longitudinally at the other end. Transverse deflec- 
tions are accomplished by slotted holes at both attachment locations and by 
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providing for expansion in the longitudinal joints between adjacent panels. Typical 
designs can be found in References (3) and (11) , 

Temperature variations along the panel length due to the heat sink at the 
panel support cause therinal stresses in the transverse direction. During heat up 
of the panel, the midspan is hotter than the edges at the supports causing com- 
pressive stresses at the center and tensile stresses at the edges. These stresses 
are reversed during cooldown. 

The presence of beads relieves the thermal stresses and prevents thermal 
buckling (Reference 12) of the thin skin between stiffeners by allowing the skin 
to flex as thermal expansion occurs. Analysis can be used to define required bead 
depths. Particular attention should be given to the approach for closing out the 
bead near the panel ends. Testing (Reference 3) has shown that cracking can occur 
in the skin at the tips of the beads where the beads are transitioned into a 
flat skin. It would be desirable from this standpoint to extend the bead to the 
panel ends. This, however, complicates the design at the panel joints. 


5.3 DATA REQUIREMENTS FOR CREEP ANALYSIS 

During Phase I (Reference 1) testing was conducted under both steady state 
and cyclic conditions to evaluate the creep response characteristics of the 
materials studied and to provide data for use in the analysis for panel creep 
deflections. During these studies considerable effort was directed at obtaining 
the required test data. 

Test Matrix - Basic Data Required 

One of the objectives in evaluating creep deflections should be minimizing 
the required testing. However, it is of interest to cover the complete range of 
stress, temperature, time, and strain required to provide an adequate material 

response definition for use in the analysis. The analyst does not want to be in 
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the position where extrapolation of the available data is required. 

The range of strain which is required will be dependent upon the criteria 
for allowable deflection used. As an example of possible calculations it could 
be assumed that creep deflections obtained in testing will be approximately 50% 
of those obtained using a linear creep stress -strain assumption. This assumption 
tends to account for the redistribution of beam stressed due to nonlinear creep 
strain-stress properties. The assumption is expressed in the following equation; 



where; = BEAM midspan elastic deflection 

= Maximum midspan elastic strain (extreme fiber) 

Xu 

= Beam midspan creep deflection 
= Maximum midspan creep strain (extreme fiber) 

Applying this equation and assuming an elastic deflection based on a uniform 
pressure loading the following equation can be derived for creep strain at the beam 
midspan, 

2A 2A WL^ — AY 

E = — — E = — = 19 2 ^ 

384 El 

Where: W - Beam pressure load 
L = Panel length 
E = Elastic modulus 
I = Panel moment of inertial 

Y = Maximum distance from neutral axis to extreme fiber 

For a full size panel of 50 cm length, - .75 cm (based on ,25 + .OIL cm 

criteria), and Y - 1.5 cm, the required creep strain would then be ,86%. 
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It is of interest to note that if this calculation was carried out for a 
shorter TPS panel, the creep strain required to attain the same creep deflection 
is higher because the strain is inversely proportional to the square of beam 
length. Therefore, use of a deflection criterion with subsize panels results 
in requirements for greater creep strains than would be attained in a full size 
panel under the same criterion. 

Test matricies can be established on stress-temperature charts upon which 
approximate constant strain lines can be drawn. In the Phase I studies (Reference 
1) these were based on evaluation of steady state literature survey data. Typical 
designs for the test matricies are shown in Figure 5—2 based on the Reference L605 
evaluation. Requirements for the designs include: 

(1) Test data should be amenable to development of an empirical creep strain 
equation. Applicability of each design for satisfying this requirement can be 
checked by generating simulated creep strain data using an available equation, 
performing regression analysis, and evaluating the resulting prediction equation. 

(2) Test temperatures should cover the range of interest for the material 
being tested. 

(3) Test temperatures and stress levels should produce creep strains in the 
range of interest. 

The designs shown in Figure 5-2 (a) and (b) include a simple 3x3 factorial 
design and an orthogonal composite design. They are described in References 14 and 
15. Although both designs satisfy the first requirement (1) above, they may 
satisfy the second or third requirements, in this case as indicated in the figure. 

In addition to these two designs, the design shown in Figure 5-2 (c) was also 
considered because it provides maximum coverage of the test temperature and stress 
range of interest. However, it was subsequently demonstrated that the resulting 

prediction equation, based on this design, was a function of time only. 
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A fourth design considered is shown in Figure 5-2 (d). This design allows 
testing over a wide stress and temperature range and evaluation of the design 
indicated that an empirical equation can be derived from the resulting data. 

For the data range of interest in this program it was found that the design 
shown in Figure 5-2 (d) was best. 

The orthogonal composite design (Figure 5-2 (b)) was, however, used in the 
Rene* 41 evaluation (Reference 1) where the lines of constant strain were found 
to be further apart on the stress temperature plot. 

A study of proposed test designs is recommended, using applicable regression 
techniques, prior to conducting creep tests. 

Determination of Empirical Equations 

A very large number of equations are found in the literature which have been 
developed over the years to describe the complex physical process of creep. In 
addition, an Infinite number of new relationships (or models) can be formulated. 

The description of a new equation involves the determination of the relation- 
ship between the dependent variable, strain, and the independent variables, such 
as temperature, stress, time, thickness, and orientation. A convenient procedure 
for determining this relationship is the use of multiple regression techniques. 

Two parameters associated with this technique are (1) the multiple correlation 
coefficient, R, and (2) the standard error of estimate, S^. The multiple correla- 
tion coefficient is a measure of how well the fitted equation explains the 

2 

variation in the data (Reference 15). The closer the value of R (or R) is to 1, 
the better the equation will fit the data. The standard error of estimate is an 
estimate of the variance about the regression line. Therefore, the precision of 
the estimate would be considered better the lower the value of S^. Accordingly, 
in the development of the various regression equations that were examined during 
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the program, emphasis was placed on obtaining equations which resulted in large 
values of R and small values of S . 

y 

The development and selection of each predictive equation generally followed 
an inter at ive procedure as outlined below: 

Step 1 - Select first order independent variables. 

Step 2 - Using variables identified in Step 1, form new independent variables 
for the regression analysis consisting of higher order terms and 
interreaction (first and higher order) terms. Many computer pro- 
grams are available to perform the regression analysis to determine 
the significant variables from the total identified and constructed 
in Steps 1 and 2. 

Step 3 - Examine the residual of plots of the dependent variable vs. regressed 
variables. The residual is the difference between what is actually 
observed and what is predicted by the regression equation. If the 
proper variables were selected, the residual plots will have a 
uniform distribution with a zero mean. If the proper variables were 
not in the equation, then the residual plots tend to take a shape 
which indicates if the analysis should be weighted or a different 
term should have been used. An in-depth discussion of the examina- 
tion of residuals and their significance is presented in Reference 
15. 

Step 4 - Repeat Step 2 using new variables and compare R and with pre- 
viously established values. Repeat Step 3 (i.e., review of plots 
of residuals) and form additional Independent variables, if required. 

Step 5 - Plot predicted creep responses and compare with experimentally 

observed creep curves with particular emphasis placed in identifying 
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discrepancies in fit and general form of the predicted surfaces. 

Step 6 - If major discrepancies are observed in Step 5, modify and/or add 
new independent variables and repeat from Step 2. 

In general, the regression analyses will be conducted using the natural 
logarithm of strain, Ine , as the dependent variable. There are two primary 
advantages in using logarithmic strain which are: (1) the model tends to come 

closer to minimizing the percentage deviations which is desirable, (2) the model 
can be forced to satisfy initial boundary value considerations. For example, the 
model 

In e = A + A, Ina + A« In t 
o 1 2 

when transformed to strain becomes 

An •^1 

e = e ^oit^ 

and if a or t equal zero, the strain is forced to also equal zero. Boundary con- 
ditions for the equations should be carefully investigated to insure applicability 
to low stress and time ranges required in the TPS panel analysis. 

Another factor to be considered in obtaining empirical creep equations in the 
exclusion of high and low strains. By excluding higher strains, a small downward 
bias, as shown in Figure 5-3, is introduced in the predictive equations. Likewise, 
a small upward bias is introduced into the predictive equation at low strains when 
low strains are omitted as is also shown in Figure 5-3. 

The justification for removing the low values of creep data is that a 
significantly higher percent experimental error exists in the measurement of these 
very low creep strains, and that the standard error of estimate can be dominated 
by these large observation errors. It should be noted that a weighted least 
squares analysis could also be performed which would account for the large variance 
in the low strain regime (Reference 15). However, the complexity of such an 
approach is greater. 5-11 
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In INDEPENDENT VARIABLES 


FIGURE 5-3 EFFECT OF CULLING LOW AND HIGH STRAIN DATA ON 
PREDICTIVE EQUATION DEVELOPMENT 
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Creep Accumulation Theories 

The applicability of creep accumulation theories appears to be the most 
significant limitation in the analysis for TPS panel creep deflections. During 
the Reference 1 studies tests were conducted to provide data for evaluation of the 
hardening theories. An outline of the test profiles used are shown in Figure 5-4. 
The objective in these tests is to vary the load as a function of cycle to simulate 
the increasing or decreasing stress which will occur in a panel due to stress 
redistribution. Additional tests could also be conducted where temperature would 
be changed as a function of cycle since both temperature and load level change 
within a cycle is the analysis due to the varying profiles as well as the stress 
distribution. Predictions of these tests results can be made using empirical 
equations developed from constant stress and temperature cycle test data, allowing 
assessment of the various hardening theories. 

Additional Factors Influencing Creep 

Assessment of other factors affecting creep may also be important. These 
factors may include material gage, rolling direction, and possibility of material 
creep recovery. Evaluation of the effects of atmospheric pressure on creep was 
also investigated during the Phase I work but was found to have an insignificant 
effect on the materials investigated. Tensile creep tests can be conducted to 
assess these effects, if necessary. Steady state tests of specimens at replicate 
conditions should generally be sufficient to determine any significant variations 
due to material gage or material rolling direction. No recovery effects were 
determined for the materials studied based on cyclic tensile testing in Phase I 
(Reference (1)). 
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FIGURE 5-4 TESTS FOR EVALUATION OF CREEP ACCUMUUTION THEORIES 
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Sensitivity of Creep Strains to Test Accuracy 

In conducting tests to assess creep response characteristics of materials, 
particular attention should be given to maintaining accuracy, since predictions 
of creep deflections have been demonstrated to be sensitive to variations in 
temperature and load. Examples of these variations for the empirical equations 
of L605, Rene’ 41, and TDNiCr are presented in Table 5-1 at a time of 20 hours. 

Based on results of Phase II (Reference 2) and Phase III, prediction accuracy 
within a factor of 2 should be attainable. 

5.4 CREEP DEFLECTION ANALYSIS 

Procedures developed for prediction of creep deflections in Thermal Protection 
System panels are presented in Reference 2 and Appendix B. Included in these 
references are the approaches and assumptions made in modeling the thin gage 
panel structures and in performing the analysis to obtain creep deflections. Steps 
in the analysis are (a) the development of a linear equation describing the 
logarithm of strain as a function of stress, temperature, and time, (b) idealize 
the selected loading and temperature profiles into constant steps, and (3) deter- 
mine deflections using analysis capabilities of the TPSC computer program. Required 
input in terms of panel temperature distributions, panel geometry definition, and 
program control parameters are presented in Appendix B- The time hardening 
theory of creep accumulation has been found to provide the best predictions 
for subsize panel test results (Reference (2)) and is, therefore, recommended for 
use in the analysis. 
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TABLE 5-1. SENSITIVITY OF CREEP STRAINS TO TESTING ACCURACIES 


MATERIAL 

PARAMETERS IN 
STRAIN CALCULATION 

CREEP 

STRAIN 

% 

STRAIN 
VARIATION 
DUE TO 1% 
TEMP. CHANGE 

STRAIN 
VARIATION 
DUE TO 1% 
STRESS CHANGE 

TEMP. 

STRESS 

TIME 

L605 

1144K 

(1600°F) 

55 MPa 
(8 KSI) 

20 HR. 

.615 

14.4 

3.0 

RENE' 41 

1089K 

(1500°F) 

138 MPa 
(20 KSI) 

20 HR. 

.270 

25.8 

2,2 

TDNiCr 

1478K 

(2200°F) 

35 MPa 

..il) 

20 HR. 

.076 

5.8 

2.0 


Selection of "Typical" Profiles 

The sensitivity of creep predictions to the temperature profile selection 
wxll be xllustrated in this section. The curve of creep strain vs. temperature 
shown in Figure 5-5 is calculated based on the L605 empirical creep equation 
generated from cyclic tensile tests (Reference Table 2-1). Specific stress and 
time for the calculated curve are 55 MPa (8.0 ksi) and 20 hours, respectively. 

The table included in the figure shows resulting creep strains at several tempera- 
tures. Also included in the table are the average creep strains over IlOK (200°F) 
temperature increments (i.e. average of strains at T+55K and T-55K) and the per- 
centage errors in creep strain which could result from using the median temperature 
in each IlOK temperature spread. Thus, for example, for a temperature range of 
1033K (1400°F) to 1144K (1600PF) the average strain would be .362 which is 35% 
higher than the value .269 predicted at the median temperature of 1089K (1500°F). 
This example illustrates the sensitivity of creep strain to temperature and 
demonstrates that factors such as this should be considered in selecting typical 
trajectory profiles for analysis. Generally, temperatures higher than the median 
over the desired range will need to be used in order to arrive at average creep 
strains and deflections. 
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Idealization of Load and Temperature Profiles 

Some observations related to idealization of load and temperature profiles 
into constant steps have been noted during the program. Observations, based on 
comparison of tensile test results in Phase I (Reference 1) and subsize panel data 
analysis in Phase II (Reference 2) have indicated that a rather simple representa- 
tion of four time steps in these studies resulted in successful analysis. It was 
shown that a large number of time steps would not improve prediction accuracy. An 
example of the steps used is shown in Figure 5-6. 
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■MISSION TEST PROFILES 
•IDEALIZED PROFILES FOR ANALYSIS 



PROFILES ANALYZED 

STEP 

P(Kg) 

T(K) 

1 

11.34 

1167 

2 

16.33 

1167 

3 

27.67 

1100 

4 

32.66 

950 


-TEMPERATURE PROFILE 


LOAD PROFILE- 



1600 2000 2400 2600 3200 3600 

TIME - SEC 


FIGURE 5-6 PROFILE IDEALIZATION FOR ANALYSIS 
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CONVERSION OF U.S. CUSTOMARY UInIITS TO SI UNITS 

The International System of Units (designated SI) was adopted by the Eleventh 
General Conference on Weights and Measures in 1960. The units and conversion 
factors used in this report are taken from or based on NASA SP-7012, "The Inter- 
national System of Units, Physical Constants and Conversion Factors - Revised, 

1969". 

The following table expresses the definitions of miscellaneous units of 
measure as exact numerical multiples of coherent SI units, and provides multiplying 
factors for converting numbers and miscellaneous units to corresponding new numbers 
of SI units. 

The first two digits of each numerical entry represent a power of 10. An 

asterisk follows each number that expresses an exact definition. For example, the 

-2 

entry "-02 2.54’*^" expresses the fact that 1 inch = 2.54 x 10 meter, exactly, by 

definition. Most of the definitions are extracted from National Bureau of Standards 
documents. Numbers not followed by an asterisk are only approximate representations 
of definitions, or are the results of physical measurements. 


ALPHABETICAL LISTING 


To convert from 

atmosphere (atm) 
Fahrenheit (F) 

foot (ft) 
inch (in.) 
mil 

millimeter of mercury ( 
nautical mile, U.S. (n. 
pound force (Ibj-) 
pound mass (lb^5 
torr (0^0 


to 

pascal (Pa) 
kelvin (K) 

meter (m) 
meter (m) 
meter (m) 

Ti Hg) pascal (Pa) 
i.) meter (m) 
newton (N) 
kilogram (kg) 
pascal (Pa) 


multiply by 
+05 1.0133* 

t^ = (5/9) (t^ + 459.67) 


-01 

3.048* 

-02 

2.54* 

-05 

2.54* 

+02 

1.333 

+03 

1.852* 

+00 

4.448* 

-01 

4.536* 

+02 

1.333 


A-2 


/VfOOO/V/WC’lLI. DOUGLAS ASTDO^AU'TgCS OOMW^ANy^ - CAST 



^^PREDICTION OF CREEP IN 
METALLIC TPS PANELS 


PHASE III 
SUMMARY REPORT 

APPENDIX A - Continued 


NAS-1-11774 


PHYSICAL QUANTITY LISTING 


To conv^^rt from 

Area 

to 

multiply by 

2 2 
foot (ft ) 

2 2 
meter (m ) 

-02 

9.290* 

inch^ (in^) 

2 2 
meter (m ) 

-04 

6.452* 

inch^ (in^) 

2 2 

cemtimeter (cm ) 

+00 

6.452 

3 3 

pound mass/foot (pcf,lb /ft ) 

Density 

3 3 

kilogram/meter (kg/m ) 

+01 

1.602 

3 ^ 

pound mass/inch (lb /±n^)^ 

ni 

3 3 

kilogram/meter (kg/m ) 

+04 

2.768 

pound mass/inch^ (Ib^/in^) 

gram/ centimeter (g/cm^) 

+01 

2.768 

kilogram force (kg^) 

Force 
newton (N) 

+00 

9.807* 

pound force (Ib^) 

newton (N) 

+00 

4.448* 

foot (ft) 

I^ength 
meter (m) 

-01 

3.048* 

inch (in.) 

meter (m) 

-02 

2.54* 

micron 

meter (m) 

-06 

1.00* 

mil 

meter (m) 

-05 

2.54* 

mile, U.S. nautical (n.mi.) 

meter (m) 

+03 

1.852* 

pound mass (lb ) 
m 

Mass 

kilogram (kg) 

-01 

4.536* 

atmosphere (atm) 

Pressure 
pascal (Pa) 

+05 

1.013* 

millimeter of mercury (mm Hg) 

pascal (Pa) 

+02 

1. 333 

newton/meter 

pascal (Pa) 

00 

1.00* 

2 7 

pound/foot (psf, Ibf/ft^) 

pascal (Pa) 

+01 

4.788 

pound/inch^ (psi, Ib^/in^) 

pascal (Pa) 

+03 

6.895 

Fahrenheit (F) 

Temperature 
Kelvin (K) 

= (5/9) 

(tf + 459 
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APPENDIX A - Continued 


Volume 


To convert 

from 

to 

multiply bv 

foot^ 

(ft3) 

raeter^ (m^) 

-02 

2.832* 

inch^ 

(in 3) 

meter^ (m^) 

-05 

1.639* 

inch^ 

(in3) 

centimeter^ (cm^, cc) 

-01 

1.639 


PREFIXES 


The names of multiples and submultiples of SI units may be formed by application of 
the prefixes; 


Multiple 

Prefix 

10-^ 

micro (p) 

-3 


10 

milli (m) 

-2 

centi (c) 

10 

-1 

deci (d) 

10 

103 

kilo (k) 

10^ 

mega (M) 

109 

giga (G) 
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The computer program described herein, Thermal Protection System Creep (TPSC) , 
uses iterative techniques and numerical integration to predict creep strains, 
residual stresses, and permanent deflections in stiffened panel structures. This 
program was developed jointly under Internal MDAC funding and NASA Langley Research 
Center contractual funding. Initiated at MDAC in 1971, the program has been con- 
tinually modified to increase its capability. Although the TPSC Computer Program 
was developed for analysis of creep deflections in thermal protection system 
panels, it is applicable to creep analysis in any beam or stiffened plate structure 
subjected to bending loads. The TPSC program is written in CDC Fortran IV and is 
operational on the MCAUTO/CDC 6000 series computers using KRONOS operating systems. 

A flexible, user oriented input format is used. Input data include panel 
geometry and definition of loading and temperature profiles. Panel temperature 
distributions along the panel length and through the depth can be input using 
either polynomial equation coefficients or tabular input. Temperatures at each 
location in the panel are based on these distributions and the input temperature- 
time profile data. Also, input are equation coefficients to define material 
creep response as a function of time, stress, and temperature. 

Program output includes a record of input data and calculated geometrical data 
(elastic moment of inertia), trajectory load and temperature data, and creep 
equation definition as well as the calculated deflections, creep “strains , and 
residual stresses. 

The program was developed specifically for analysis of thermal protection 
system panels. Therefore, definition of leading structural concepts, corrugation 
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Stiffened, rib stiffened, and zee stiffened concepts, is incorporated into the 
TPSC program. Modeling of the specific panel structural concept for analysis is 
accomplished automatically based on overall section input definition. Appropriate 
use of input parameters also allows analysis of rectangular and I-beam sections. 

An option is provided for including a beaded skin into any of the cross sections 
since beads are frequently required in thermal protection system panel designs. 

Bending moments are internally defined based on uniform pressure load input 
or two point load input. In addition, the moments can be calculated as a function 
of panel edge support stiffness and the ratio of panel stiffness in the longitudinal 
and transverse directions. This option is based on combining solutions for an 
isotropic plate with two sides simply supported and two sides elastically supported 
as offered by Timoshenko (Reference 4) and the solution for an orthotropic plate 
with four sides simply supported as offered by Lekhnitskii (Reference 5) . This 
option provides a first order approach to account for Poisson’s effects in 
orthotropic plate structures. 

Sensitivity of predicted results to the number of elements defining panel 
cross section and the number of stations defining panel length has been investigated 
with the goal of providing guidelines for minimizing required computer time. 

Computer time increases almost linearly with number of analysis steps specified. 

The minimum number of stations along the length and elements through the depth which 
can be used to maintain good prediction accuracy have been defined. 

The TPSC computer program provides needed capability for prediction of perma- 
nent deflections, due to creep, in entry vehicle metallic thermal protection 
system panels. Application is also envisioned in other structures where creep 
deflections may be important such as in missile structures and nuclear reactors. 
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B.2 METHOD OF ANALYSIS 

Within the TPSC program the panel length is divided into i stations over 
which bending moments are assumed constant and the panel depth is divided into j 
elements over which stresses are assumed constant as indicated in Figure B-1. 

Using the assumption of a linear total elastic plus creep strain distribution 
through the depth, the neutral axis and structural rotation are systematically 
varied at each station and time step to determine the unique stress distribution 
which satisfies both force and moment balance requirements. At each point in the 
panel the creep component of total strain is determined based on either the time 
hardening or strain hardening theory of creep accumulation applied in conjunction 
with input analytical expressions defining material tensile creep response as a 
function of stress, temperature, and time. Residual stresses are calculated at 
each time step by subtracting the elastic stress from the total calculated stress. 
These residual stresses are used at Initiation of analysis for the next time step. 
Analysis proceeds through all the time steps at each designated station along the 
panel length, accumulating and storing structural rotations, creep strains, and 
residual stresses. At the completion of analysis, rotations are numerically 
integrated to determine creep deflections. 

The following assumptions are made in the analysis: 

(a) Only bending stresses are considered in the analysis. Deflections due 
to shear are assumed negligible. 
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(b) Strain distributions through the panel depth are linear. 

(c) Creep response equations, defined by the user, are assumed to be appli- 
cable for both tensile and compressive stresses. 

(d) Load and temperature distributions and calculated deflections are 
assumed symmetrical with respect to the panel centerline (X = a/2). 

(e) Panels are thin gage. (Although the analysis is not restricted to thin 
gages, the approach for modeling specific section geometries incorporated 
into the program has been based on this assumption.) 

Approaches used for important program calculations are presented in this 
section. The general analysis flow is shown in Figure B-2 for reference purposes. 


B.2.1 Geometry Definition 

Analysis capability for three thermal protection system structural concepts; 
rib stiffened (INDGEO = 1), corrugation stiffened (INDGEO = 2), and zee stiffened 
(INDGEO = 3) , is incorporated into the TPSC program. The number of stiffeners 
across the panel width are defined by NRIB, NCOR, and NZEE for the rib, corrugation, 
and zee stiffened concepts, respectively. A skin bead in either the positive y or 
negative y direction can be included in the cross sections at the user's option 
(INDBD = 1) . The direction of the skin bead is specified by the sign of the input 
bead radius (BRAD) where a + sign designates the bead in the + y direction from 
the skin. Geometry of the TPS cross sections and skin bead, defining program input 
variables, are shown in Figure B-3. 

The approach for modeling the rib stiffened, corrugation stiffened, and zee 
stiffened subsize TPS panels is shown in Figure B-4. The number of stations in 
half the panel length are defined by input variable NSTAT. This is defaulted to 6 
when not input by the user. The number of elements through the panel depth is 
defined by input variables NSECT and SEC. These are both defaulted to 10 
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FIGURE B-4 STRUCTURAL MODELING OF PANEL AND CROSS SECTIONS 
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when not input by the user. Two variables (fixed point (integer) and floating 
point (real) ) are used in order to make the program as machine independent as 
possible. The assumption of thin gages allows skin and horizontal stiffener 
sections (e,g, , skin) to be defined as individual elements. Vertical portions of 
the stiffeners (e*g. , ribs) are divided into AY elements based on the input total 
number of elements (NSECT, SEC) minus the number of horizontal elements. There- 
fore, for example, the calculation for AY for the corrugation concept is AY = 
[DEPTH-TS-2(TC) ] / (NSECT-3) . For beaded skins five additional elements are added 
into the cross section as shown in Figure Centroids and areas of the cross 

m 

section increments are used in all subsequent program calculations. 

B.2.2 Load Definition 

Panel bending loads are calculated based on input pressure (PRESS) or point 

loads (PLOAD) for each time step in the mission profile. These are selected by 

inputting INDL0D=0 for pressure load and INDL0D=1 for point loads. Calculations of 

beam bending moments under the pressure and point load options are shown in Figure 

B-5. Input XLGTH and PANWID values correspond to a and b respectively. All applied 

loads are assumed symmetrical about the panel centerline. Units for PLOAD are Lbs 

ot Kg where the input value is the total panel load. Input pressure units are 
2 2 

Pa/cm or Lbs/in . The panel width is included in the pressure loading calculations 
to yield the total panel bending moment at each beam station. The option for apply- 
ing point loads to the panel, was specifically included to allow analysis of subsize 
panel test data (Reference 2)- For this type of loading the distance (ALEN) from 
the support to the point of load application is input. Analysis for a single midspan 
point load can be implemented by making ALEN equal to one half of the panel length. 

For panels loaded with a uniform pressure, an option is Included for modifying 
the bending distribution (INDPLA=1) to account for plate effects. The plate option 

provides a first order approach to account for Poisson's effects and edge stiffness 
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effects in orthotropic plate structures by combining solutions for an isotropic plate 
with two sides simply supported and two sides elastically supported as offered by 
Timoshenko (Reference 4) and the solution for an orthotropic plate with four sides 
simply supported as offered by Lekhnitskii (Reference 5), This option is restricted 
to panels where b^a and (Figure B-1). The value is calculated in the pro- 
gram, Stiffness in the transverse direction (^2^ input (using the variable 

DETWO) or calculated, based on skin thickness as (TS) /12(l-v) . The parameter X 
defining the relative stiffness of the edge support and the panel is calculated as 
A = ESTIFF/aDj^ where ESTIFF is the input support stiffness along the edges Z = + b/2. 


Panel midspan (Z=0, X = a/2) bending moments for typical b/a values are shown 
in Figure B-5(a) and B-5(b) as functions of the quantities A and D1/D2 respectively. 
These solutions are combined in the analysis by assuming that the variation of 
moment as a function of A, will be applicable at all D]^/D2 values. This assumption 
is felt to be justified because it is exactly applicable at D1/D2 = 1 (isotropic 
panel) and any variations at other D]^/D2 will be a small portion of the total moment 


since values are constrained in a narrow range (Figure B-5(b)), 

In computing the midspan moment M, the moment for the orthotropic plate with 

four sides simply supported (Figure B-6(b)) is first calculated. This moment is 

then increased based on the degree of edge support using the calculated moment Mrj. 

for an isotropic plate (Figure B-6(a)). The solution for M (Figure B-6(b)) is then 

calculated based on the relationship that the increase in moment (M-M^) toward 
2 

,125 pa will be proportional to the increase (M^ — M ) diie to panel edge 

A=oo 

stiffness . 

This results in the equation 


M - 






,1250 - Ml 


A=° 




- 


A=^o 


A=oo 


B-12 


tyOUGLAS A9'r§9G^AUT’§GS - tEA9T 




NAS-1 -11774 


^^PREDICTION OF CREEP IN 
METALLIC TPS PANELS 


PHASE III 

SUMMARY REPORT 


which yields 

+ (.1250 -Mj^) ^ ®-l) 

X=o '^X=«> 

Moments along the panel length are calculated based on ratioing the beam bending 
moment distribution (Figure B-5(a)), using the equation B-1 value at midspan. 


B.2.3 Temperature Definition 

Panel temperature distributions are defined by input of the panel midspan 
skin temperatures at each mission time step, the distribution of temperature through 
the panel depth, and the distribution of temperature along the length. Normalized 
temperature distributions, referenced to the midspan skin temperature, are input, 
as indicated in Figure B-7(a). The midspan skin temperature (TEMP) is input for 
each trajectory time step (DXTIME) up to the number of steps (NTIME). Distributions 
through the panel depth and along the length are defined by either of the following 
approaches . 

(1) A table lookup routine is included in the program to calculate T^ and 

Ty as functions of X and Y, respectively, based on tabular input. The distribution 
along the panel length (INDTFL = 1) and through the panel depth (INDTFD = 1) are 
input using the variables XTEMP and YTEMP, respectively. Temperatures (normalized 
to 1.0 at the midspan skin) are input to define these distributions as shown in 
Figure B -7 (b) . The distribution T^ is assumed to be the same at each location 
along the panel length. Temperature is calculated, at each point in the 
panel, as the product of TEMP (function of time), T^ (function of length), and T^ 
(function of depth). T^^ and Ty are determined using linear interpolation between 
input points as shown in the figure. 

(2) Temperature can be defined by the input of coefficients (C and D) to the 
following polynomial equations. 
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T = TEMP (Tx ) (Ty) 

(a) Temperature Defined as Function of Panel Length and Depth 




(b) Linear Interpolation for Temperatures 


E 



FIGURE B-7 PANEL TEMPERATURE CALCULATIONS 
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+ C^X + + C^X^ CB-2) 

+ D^Y + + D^Y^ (B-3) 

For this option the control variables INDTFL and INDTFD are defaulted to 0, 

For temperatures defined by either of these options the control variable ITCON 
must be set equal to 0* 

Elastic modulus data, for use in the analysis, are defined as a function of 
temperature by either of the same two approaches described for defining temperature 
distributions. 

(1) For using the table lookup routine, modulus and temperature data are input 
in tabular form using the input variable ETEMP , as shown in Figure 2-7 (c). For this 
option the control variable INDMOD is input as 1. 

(2) The modulus can also be defined by equation coefficients (ECOEFF) to the 
equation: 

E = ECOEFF^ + EC0EFF2(T) + ECOEFF^CT^) + ECOEFF^ (T^) (B -4) 


B.2.4 Elastic Calculations 

Elastic stresses (a ) , strains (e ), and rotations (0 ) at each station as 

o e e 

well as the section neutral axis (Y^) and moment of Inertia (I) are calculated as 
follows, where the subscript j represents element location in the cross section 
(Figure B-4) 

NSECT 


Y 

e 



(B-5) 
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I 


NSECT 



j = 1 


NSECT 



j = 1 


(B-6) 


o 


e . 

J 


M. 

X 


(Y, 



I 


(B-7) 


z 


Qe /E 

j 


(E = elastic modulus) fB-8) 


0 


AX 
E l" 


(B-9) 


In the moment of inertia calculation, the moments of inertia of individual j 
elements, about their o\m neutral axes, have been found to be negligible and have 
not been included. 


B.2.5 Iteration for Stress 

At each beam station (X^) the incremental rotation due to creep (0^) and 
neutral axis (Y) are initialized as 


e » 0 

c e 
Y = Y 


(B-10) 


e 

Based on these values, the initial total strain assumed at each Y element (Y^) is 

calculated, using the linear total strain assumption 

e = (0 + 0 ) (Y - Y )/AX CB-11) 

^ ji c e J 
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For each j element through the cross section there is a unqiue value 


of stress (a^) which satisfies the equation: 


a . + a 

j RESIDUAL, 


= c 


(B-12) 


where is the residual stress based on results from calculations in the 

previous time step (zero for the first step) and E is the material elastic modulus 
at the element temperature. 


The incremental creep (c^ ) is a function of stress, temperature, time, 

j 

and incremental time step based on the input creep strain equation (Section B.3.7) 
applied in conjunction with the hardening theories. Calculations of e as a 

Cj 

function of stress, strain, temperature, and time for the strain hardening and 
time hardening creep accumulation theories are discussed in Section B.2.6. 

In determining the value of stress at each element which satisfies Equation 
assumed stresses (designated by the subscript Z) are systematically varied 
and corresponding strains (e^) are calculated. The subscript Z has been added in 
this section to designate stresses and strains calculated in the iteration process. 
The subscript j is applied to the final stresses determined at each element. The 
value of stress (Z = 1) is that obtained from analysis in the 
previous time step (elastic stress for the first time step). The assumption for 
the second value of o^ (Z = 2) is dependent on the value of and the relationship 
between and the calculated strains (c^^ for £ = 1) as follows: 
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(a) 

(b) 

(c) 02 

(d) 

(e) O2 

(f) ^2 


-loo. psi. 

+100. psi. 
2 (Oj^) for 



for = 0. and <£j^) 

3 

for (o^ = 0. and e >e ) 

^ j 


(Oj^<0. and Cj^>0. and 

3 

or 


(a^>0. and £^^>0. and >e^) 

^1 

for — <.l and e„ >0 


for <-l and <0 

j 

j 


for 


>,1 


(B-13) 


Subsequent values of are calculated by applying the equation 

- h-l> 

where SLOPE - (a^_^ - ‘ 

The process which is representative in Figure B-8 is continued until the stress is 
determined such that 



1 . <.001 


An analysis proceeds through each time 
initialized as equal to those calculated in 


step the neutral axis and rotation are 
the previous time step. 
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B.2.6 Hardening Theories 


The time hardening and strain hardening theories of creep accumulation are 
provided in the TPSC program. These are selected through input of the control 
variable HARDOP = 1 and HARDOP = 2 respectively. 

The time hardening theory of creep accumulation Is based on the assumption 
that the creep rate is dependent upon the total time under load. This approach 
for calculation of incremental creep strains is shown in Figure B— 9(a). Stresses 
iteratively determined at each time step based on input creep strain equations. 

The strain hardening theory of creep accumulation is based on the assumption 
that the creep rate is dependent upon total accumulated creep strain. This approach 
for calculation of incremental creep strains is shown in Figure B-9(b). Additional 
calculations are required under this option to determine the effective time, for 
which the given value of strain applies, at a new stress and/or temperature. 
Therefore, this option requires more computer time (Reference Section B.6). To 
facilitate analysis of mission profiles, a maximum time cutoff (TMAX) is input to 
prevent application of the creep equation beyond its range of applicability. For 
times beyond this time cutoff, the equation creep rate is assumed constant for each 
stress and temperature as indicated in the figure. 


B-21 


MCtyONNCLL DOUGLAS ASTffO^AUTICS COMt*AIW - EAST 


^J^PREDICTION OF CREEP IN 
METALLIC TPS PANELS 


PHASE ill 

SUMMARY REPORT 


NAS-1-11774 


B.2.7 Force Balance Requirements 

Having solved for stresses at each of the j element locations, the check for 


a zero force balance on the cross section is calculated as 
NSECT 


F = 


" o. A. 

^ J J 


(B-15) 


j = 1 


Based on the resulting sign (plus or minus) of F the neutral axis location is changed 
by + AY. That is, for example, if the neutral axis is located toward the tension 
side of the panel, resulting in an overall net compresssion load (F = negative), 
then the neutral axis must be moved toward the compression side (+Y direction). 
Strains and stresses are then recalculated. This process is continued until the 
sign of F changes, at which time the neutral axis location is calculated by linear 
interpolation using the equation 


Y = 


Y 

m 



(Y -Y J 
m m-1 



(B-16) 


where m is a subscript used to designate the final two axis locations and associated 
force summations in calculating Y* This process is indicated in Figure B-10. It 
should be noted that the neutral axis location is not constrained to coincide with 
the Yj element centroids. 
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B.2.8 Moment Balance Requirements 

After force balance is attained at the cross section the check for moment 

balance at the station is calculated as 
NSECT 


Mi = 


E 


|a. A. (Y -Y.) 
'll 1 


j = 1 

The second estimate of 0 is 
M 

e„ = 0^ ( -aniLii£.d-) 

2 1 


(B-17) 


(B-18) 


Subsequent assumed rotations are calculated based on the equation 


0 = 0 , + ,, , 
0. n“l applied 


-M ^Q n-1 -Ot,-2 ) 

" (\-l -V2) 


(B-19) 


as depicted in Figure B-11 where n is a subscript used to designate the assumed 

rotations and associated moments calculated. Each M is compared to M 

n applied' 

Balance is established when 


M,, - M 1 . J 

n applied' 


M 


<.001 


applied 


The value of .001 for moment balance covergence was established to provide 
good solution accuracy within reasonable computer run times. 
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^n — 2 ^applied 



'n — 1 


3 


^n— 1 ^ ^applied 



FIGURE B-n MOMENT BALANCE ITERATION APPROACH 
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B «2>9 Calculation of Creep Strains and Residual Stress 

Once force balance and moment balance have been established the residual 


stresses and creep strains are calculated at each j element as 


and 


'^RESIDUAL^ 

j J 

( Y - Y ) ^residual, 

" ^e. " AX “ E 

j j J 


(B-20) 


(B-21) 


In addition to calculation of residual stresses and creep strains for output 
purposes, these values are retained for use in subsequent analysis. Creep strains 
are required for use in strain hardening analysis and residual stresses are added 
to elastic stresses for initiation of the next analysis time step. 
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B.2.10 Deflection Calculations 

Structural creep rotation (0 ) and elastic rotations (0 ) are calculated as a 

c e 

function of time and stored for use in numerical integration calculations for 
deflections. 

These deflections are calculated at each station (subscript i) , according to 

the following equations where NSTAT is the total number of beam stations in half 

the beam length and n is a dummy variable used to designate the beam stations 

i - NSTAT 


(i = 1 to 
NSTAT-2) i 


E 


n=l 


^n'*’°n+l . ®i+l X. +X. 

7 — ^ 1 


E 


n = i+2 


0 

n 


(B-22) 


(1=NSTAT-1) 6 

X. 

1 


E 


n=l 


0 +0 
n n-f 1 


X + 
n 


^NSTAT 

2 ^STAT-1 


(B-23) 


(i = NSTAT) X. 


E 


n=i 


e +0 

n n+1 


6. 


X + 
n 


NSTAT 


NSTAT-1 


(B-24) 


Values of 9 are either elastic rotations or creep rotations for calculation 
of elastic deflections and creep deflections respectively. Shown in figure B-12 is 
a sketch of the rotations and midspan deflection (EQN B-24) for a beam with 
NSTAT = 3. 
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B.3 PROGRAM INPUT 


The TPSC deck consists of control cards, the TPSC source deck, and input cases. 
End of record (EOR) cards terminate the control card deck and source deck and an 
end of information (EOI) card terminates the job deck. Deck setup is shown in 
Figure B-13. The program requires 102K of core to load and 72K to run under the 
KRONOS 2.1 operating system. 

Input cases are stacked behind the source deck in the deck setup. The first 
card of each case must be a case identification card. Information listed in 
columns 1 through 50 on this card will be printed as a heading in the output for 
that case. 

The remainder of data is input using a user oriented "namelist” format. This 
input follows the identification card for each case. The first card following the 
identification card must have a $ in column 2 followed immediately by the name CREEP 
with no embedded blanks. Succeeding variables are read until a second $ is 
encountered. Input variables are defined following the first $, All except the 
last variable must be followed by a comma and the first column of each card is 
ignored. Constant fields may not Include imbedded blanks. Blanks, however, may 
appear elsewhere in data records. 

Examples of the input data are shown in figure B-14. Values for variable names 
beginning with the letters I, N and K are input without decimal points. Commas 
must immediately follow these values. Subscripted variables such as PRESS (N) are 
input as PRESS(l) = followed by the values for PRESS (1), PRESS (2), PRESS (3), etc 
(see example problem 2). 

The general table lookup routine used in defining temperature distributions 
(XTEMP(N) and YTEMP(N)) and elastic modulus data (ETEMP(N)) requires special input 
considerations. Example input for XTEMP(N), is shown in figure B-14. This is typical 

also for YTEMP(N) and ETEMP(N). The values 0., 1., K, 0., X^, X^, X^, T^, 
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T 2 ,....T^ are input following the variable name XTEMP(l) where K is the number of 
sets of location-temperature data (section 2.3), are the corresponding 

locations along the panel length, and are the associated normalized 

temperatures. The first, second, and fourth values (0,, 1., 0.) are required input. 

Listings of the input variables for the TPSC program are given in Tables B-1 
through B“7. For variables where default values are provided, no input need be made 
except to use options other than those provided for by the default. Example problem 
inputs are given in Section B-b. 



) 
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Table B.1 INPUT FOR ANALYSIS CONTROL 


DEFINITION 

INPUT VARIABLE 

INPUT VALUE 


NAME 



Option for Elastic 
Analysis (Ref. Section B.2.5) 

INDELA 


(Defaul t) 

° Creep and Elastic Analysis 


0 

° Elastic Analysis Only 


1 


Number of Analysis Cases 
(Input in First Case Only) 

NEWCAS 

1 

(Default) 

Option for Creep Strain 
Accumulation Theory (Ref. 
Section B.2.4) 

HARDOP 



° Time Hardening 


1 . 

(Default) 

° Strain Hardening 


2. 


Maximum Time (Hours) 

This Input Required When 
HARDOP = 2. (Ref. Section B.2.4) 

TMAX 


Option for Linear Creep Stress- 
Strain Below Stress = 1. 

INDSTR 



° Creep Equation Used 


0 

(Default) 

° Linear Stress-Strain 


1 


EQN Override 




Option for TPS Panel Cross 
Section Geometry (Ref. 
Section B.2.1) 

INDGEO 



° Rib. 


1 


° Corrugation 


2 


° Zee 


3 


Option for Incorporating 
Beaded Skin into Geometry 
(Ref. Section B.2.1) 

INDBD 



° No Bead 


0 

(Defaul t) 

° Bead Included 


1 


Number of Stations Along 

Panel Length Used In The Analysis 

(Ref. Section B.2.1) 

NSTAT 

6 

(Default) 

Number of Sections 

SEC 

10. 

(Default) 

Through Panel Depth Used in 
The Analysis (Ref. Section B. 2. 1 ) 

NSECT 

10 

(Default) 
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INPUT FOR ANALYSIS CONTROL ( Continued ) 


DEFINITION 

INPUT VARIABLE 

INPUT VALUE 


NAME 



Option for Units Of Time In 
Input Creep Equation 

ITIME 



° Hours 


0 

(Default) 

° Minutes 


1 

Option for Units of Temperature 
In Input Creep Equation 

lEQNTP 



° °K/1000. 


0 

(Default) 

° °F/1000. 


1 

Option for Units of Stress In 
Input Creep Equation 

lEQNST 



° MPa 


0 

(Default) 

° KSI 


1 

Option for Temperature Input 
Un i ts 

IINTP 



O 0|^ 


0 

(Defaul t ) 

O op 


1 

Option for Pressure And Load 
Input Units 

ILOAD 



° Pa, KILOS 


0 

(Defaul t) 

° psi , Lbs. 


1 


Option for Dimension Input Units 

IDIMEN 



° cm. 


0 

(Defaul t) 

° in. 


1 


Option for Input of Initial 
Residual Stresses 

IRESID 



° Initial Values = 0. 


0 

(Defaul t) 

° Values Input 


1 


Initial Residual Stress Values 

RESSIN (I.J) 
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Table B-2 INPUT FOR OUTPUT CONTROL (Ref. Section B.l) 


DEFINITION 

INPUT VARIABLE 
NAME 

INPUT VALUE 

Option For Printing Creep 
Deflections at Each Trajectory 
Step In First Cycle 

INCYC 


° Print Not Req'd. 
° Print Req'd. 


0 

1 (Default) 

Total Number of Cycles at Which 
Creep Deflection, Creep Strain, 
and Residual Stress Output Are 
Desired 

NUMCYC 


Cycle Numbers at Which Output Is 
To Be Printed. 

KCYCLE (N) 
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Table B-3 INPUT FOR PANEL GEOMETRY DEFINITION (REF. SECTION B.2.1) 


DEFINITION 

INPUT VARIABLE 
NAME 

INPUT VALUE 

Panel Unsupported Length 

XLGTH 


Panel Width 

PANWID 


Panel Cross Section 

DEPTH 


Stiffener Spacing 

PITCH 


Panel Skin Thickness 

TS 
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INPUT FOR RIB-STIFFENED CROSS SECTION (REF. SECTION B.2.1) 
(INDGEO = 1 ) 


DEFINITION 

INPUT VARIABLE 
NAME 

INPUT VALUE 

Rib Thickness 

TR 


Number of Ribs Across 

NRIB 


Distance From Outer Panel 
Rib to Panel Edge 

RIBFLG 
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INPUT FOR CORRUGATION STIFFENED CROSS SECTION (REF. SECTION B.2.1) 
(INDGEO = 2) 


DEFINTION 

INPUT VARIABLE 
NAME 


Corrugation Thickness 

TC 


Number of Corrugations Across 
Panel Width 

NCOR 


Corrugation Angle 

PH I COR 


Corrugation Length in Contact 
With Skin 

FLAT 


Edge Distance in Excess of 
Normal Pitch Length 

EDGE 
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INPUT FOR ZEE STIFFENED CROSS SECTION (REF. SECTION B.2.1) 
(INDGEO = 3) 


DEFINITION 

INPUT VARIABLE 

INPUT VALUE 


NAME 


ZEE Thickness 

TZEE 


Number of Zee Stiffeners 
Across Panel Width 

NZEE 


ZEE Stiffener Flange 

ZEESF 


Dimensions 

IzEESFl 



(zEEFF 



'ZEEFFl 


Panel Edge .Distance 

IZPNEDl 
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INPUT FOR SKIN BEAD GEOMETRY (REF. SECTION B.2.1) 
(INDBD = 1) 



INPUT VARIABLE 

INPUT 

DEFINITION 

NAME 

VALUE 

Bead Width 

BUID 


Bead Depth 

BDEP 


Bead Radius 

(Sign of BRAD Indicates 

BRAD 


Positive or Negative Bead 
Di recti on) 
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Table B-4 INPUT FOR TRAJECTORY AND LOAD DEFINITION 
(REF. SECTION B.2.2) 


DEFINITION 

INPUT VARIABLE 
NAME 

INPUT VALUE 

Option For Type of Applied 
Load 

° Uniform pressure 
° Point loads 

INDLOD 

0 (Default) 

1 

Number of Time Steps in 
Trajectory Idealization 

NTIME 


Time at End of Each Trajectory 
Time Step 

DXTIME (N) 


Pressure Load at Each 
Trajectory Time Step 
(INDLOD = 0) 

PRESS (N) 


Point Load at Each Trajectory 
Time Step (INDLOD = 1) 

PLOAD (N) 


Distance from Beam Support to 
Applied Load (Input for 
INDLOD = 1 ) 

ALEN 


Number of cycles to Be Analyzed 

NCYCLE 


Option for Plate Bending Moment 
Calcul ations 

° Analysis based on beam 
loads 

° Plate moments used in 
analysis 

INDPLA 

0 (Default) 

1 

Stiffness of Panel Edge Support. 
(Moment of inertia). Input for 
INDPLA = 1 . 

ESTIFF 



B-4 2 


MCOOKiNEl-t. DOUGLAS ASTftOMAUTICS GGMDA^V 




NAS-1-11774 


^^PR^DICTION OF CREEP IN 
METALLIC TPS PANELS 


PHASE III 

SUMMARY REPORT 


INPUT FOR TRAJECTORY AND LOAD DEFINITION (Continued) 


DEFINITION 

INPUT VARIABLE 
NAME 

INPUT VALUE 

Option for Inputing Panel 
Stiffness in Transverse 
Panel Direction (Moment of 
Inertia Per Inch Of Panel 

Length)^ Ts3/12 (1-v)2 
° I is input 

INDD2 

0 (Default) 

1 

Value of Input Transverse 
Panel Stiffness 

DETWO 
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TABLE B-5 INPUT FOR PANEL TEMPERATURE DISTIRBUTION 
(REF. SECTION B.2.3) 


DEFINITION 

INPUT VARIABLE 
NAME 

INPUT VALUE 

Midspan Panel Skin Temperature 
At Each Trajectory Time Step 

TEMP (N) 


Option for Temperature As A 
Function of Panel Length 

° Temperature constant along 
the panel length 
° Temperature variation 
along the panel length 
defined by equation 
coefficients 
° Temperature variation 
along the panel length 
defined by Table lookup 

INDTFL 

0 (Default) 
0 

1 

Equation Coefficients for 
Temperature Distribution along 
Length 

C(l) 


Temperature Distribution along 
Length Defined by Table Lookup 
k = number of points in 
Table 

XTEMP(l) = 

0. ,1 . ,k,0. , 
^1 ,k, 1 ,k 


Option for Temperature As A 
Function of Panel Depth 
° Temperature constant 
through the panel depth 
° Temperature variation 
through the panel depth 
defined by equation 
coefficients 
° Temperature variation 
through the panel depth 
defined by Table lookup 

INDTFD 

0 (Default) 
0 

1 

Equation Coefficients for 
Temperature Distribution 
Through the Panel Depth 

D(l) 
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INPUT FOR PANEL TEMPERATURE DISTRIBUTION (Continued) 



INPUT VARIABLE 

INPUT VALUE 

DEFINITION 

NAME 


Temperature Distribution 

YTEMP (1) = 


Through Depth Defined By 



Table Lookup 

0. ,1 . ,k,0. , 


k = Number of points in 

^l,k, ^rl,k 


Table 



Temperature Variation in 

ITCON 


Panel 



° Constant over Panel 


1 (Default) 

° Variation defined by 


0 

equation or Table 



Temperature Variation in 

NTCON 


Trajectory 



° Constant 


1 (Default) 

° Variable 


0 
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TABLE B-6 INPUT FOR MATERIAL PROPERTY DEFINITION 


(REF. SECTION B.2.3) 


DEFINITION 

INPUT VARIABLE 
NAME 

INPUT VALUE 

Poisson's Ratio 
(Req'd. if INDPLA = 1) 

XNU 


Option for Definition of 
Elastic Modulus Data 

° Constant modulus 

° Modulus defined by 
equati on 

° Modulus defined by 
table lookup 

INDMOD 

0 (Default) 
0 

1 

Equation Coefficients for 
Elastic Modulus as Function 
of Temperature 

ECOEFF (1) 


Tabular Data for Elastic 
Modulus as A Function of 
Temperature 

ETEMP (1) = 

0. , 1 . , k, 0. , 
^l.k, ^l.k 



B-46 


MCDONNELL DOUGLAS ASTnONAUEICS COMAANV m EAST 




NAS-l -11774 


^^PREDICTION OF CREEP IN 
METALLIC TPS PANELS 


PHASE III 

SUMMARY REPORT 


TABLE B-7 INPUT FOR CREEP PROPERTY DEFINITION 

Material creep properties are defined through the input of coefficients 
(Z) to the linear equation 


In E = Z, X, t Xj * Z 3 X 3 + + Z„ 

or 

e - exp (Z-| ^2 ^2 ^ ^3 ^3 ^ ^ ^N ^N^ 


(B-25) 


In this equation, the value of X-| is defined as 1 and through 
X|^ are terms in time (t), stress (a), and temperature (T) listed in 
table B-7 section. Only the terms required need to be input. 
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COEFFICIENT NAME 

CREEP 

EQUATION TERM 

LOGARITHMIC FORM 

EXPONENTIAL FORM 

ZO) 



Z(2) 



Z(3) 

Z 3 T 

eZ3T 

Z(4) 

Z^t 

eZ4t 

Z(5) 

ZbIt) 

e'5/T 

Z(6) 

Ze Int 


Z(7) 

Zy Ina 

a'Z 

Z{8) 

Z8 InT 

t'8 

Z(9) 

7 2 

Zga 


Z(10) 

Zioa^ 

gZio^^ 
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INPUT FOR CREEP PROPERTY DEFINITION (Continu:.) 


COEFFICIENT NAME 

CREEP 

EQUATION TERM 

LOGARITHMIC FORM 

EXPONENTIAL FORM 

Z(ll) 

zii(t)^ 

eZll/T2 

Z(12) 

Zi2(|) 

eZl2/T3 

Z03) 

ZiaaT 

e 

Z(14) 

Zl4(f) 

e^14WT) 

Z(15) 

Zl5(aT)2 

gZi5(aT)2 

Z06) 

Z,6(<iT)3 

g^l6(aT)^ 

Z(17) 

Zl7(f)^ 


Z(18) 

Zl8(^^)’ 

eZlsWT)^ 

Z(19) 

Zl9 (Ina)^ 

Zi ql 
a ' ^ 

Z(20) 

Z 20 

^Z2o(1na)^ 
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INPUT FOR CREEP PROPERTY DEFINITION (Conti nu'. ’) 
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INPUT FOR CREEP PROPERTY DEFINITION (Continued) 


COEFFICIENT NAME 

CREEP 

EQUATION TERM 

LOGARITHMIC FORM 

EXPONENTIAL FORM 

Z(31) 


^31 

Z(32) 

Z32T3 

7 

e 32‘ 

Z(33) 

Z33(1nt)2 

j^33^’^''' 

Z(34) 

Z34(1nT)3 

^Z34(1nT)2 

Z(35) 

Zssalnt 

t^350 

Z(36) 

ZjeTlnt 

^Z36T 

Z(37) 

Z^ytlna 

„Z37t 

Z(38) 

Z38tl nT 

j^38t 

Z(39) 

Z39lnalnt 

^Z3glnt 

Z(40) 

Z4olnt InT 

^Z4olnT 
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INPUT FOR CREEP PROPERTY DEFINITION (Continued) 


COEFFICIENT NAME 


Z(41) 


Z(42) 


Z(43) 


Z(44) 


Z(45) 


CREEP 

EQUATION TERM 


LOGARITHMIC FORM 


7 I no 

T 


7 Int 
^42 -T' 


7 • Int Ino 
-43 T 


Z44ta 


Z45tT 


EXPONENTIAL FORM 


Z41/T 

a 


^^42/'^ 


Z431nt/T 

a 


^Z44ta 


gZ45tT 
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B.4 PROGRAM OUTPUT 

Program output includes a listing of input variables, calculated elastic 
stresses at each panel station and trajectory step, panel geometry definition, 
trajectory load and temperature definition, creep strain equation definition, 
elastic deflections, creep deflections, creep strain distributions, and residual 
stress distributions. Creep deflections are printed at times within the first 
cycle and at the end of each requested cycle (KCYCLE). The example problems in 
Section 8 show typical program output. 

Generally the output is automatic and not controlled by the user. The follow- 
ing items are, however, at the option of the program user. 

(a) Printout of calculated creep deflections at the end of each trajectory 
time step in the first cycle are controlled by the variable INCYC. These 
deflections are printed as a default unless INCYC = 0 is input. 

(b) The cycles at which calculated creep deflections, creep strain distributions, 
and residual stress distributions are printed, are controlled by the input 
variables NUMCYC and KCYCLE(N). The variable NUMCYC is the total number 

of cycles at which printout is required (maximum = 10) and KCYCLE(N) is 
the designated cycle number for printout. 

(c) Both analysis and output are controlled by the number of panel length 
increments and depth increments defined by the input variables NSECT, SEC, 
NSTAT, and NBSECT (ref. Section B.3). Output of stresses, deflections, 
and strains are calculated and printed at locations along the panel length 
and through the panel depth as defined by these input variables in con- 
junction with the panel geometry (Section B.2.1). 
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B.5 PROGRAM DIAGNOSTICS 


Three types of diagnostic statements are included in the TPSC program to 
provide user information where problems may be occurring in the analysis. 

(1) "CORRUGATION INPUT DATA YIELDS A NEGATIVE S LENGTH" 

This information is printed out and the analysis terminated when the cal- 
culated corrugation flat length dimension S (Ref. Section B.2.1) is negative 
The geometry definition (PHICOR, DEPTH, FLAT, PITCH) should be checked for input 
error. 


( XIN ) 

(2) "ERROR IN TABLE-LOOKUP ROUTINE AT { YIN > = A ." 

( tin) 

A is the panel station X(XIN), the panel depth increment (YIN), or the 
temperature (TIN) which exceeds the bounds of the appropriate input table for 
temperature as a function of length, temperature as a function of depth, and 
elastic modulus as a function of temperature, respectively. The table lookup 
input data should be checked to insure that the range of data in the table extends 
over the range needed for analysis. 

(3) "WARNING - TWENTY ITTERATIONS ON STRESS IN THE HARDENING ROUTINE 

BEAM STATION = , SECTION (J) = , CYCLE = , STEP = 

ANALYSIS PROCEEDING WITH STRESS UNCHANGED." 

This diagnostic message indicates that the iteration process for stress 
(Reference Section B.2.6) did not converge. The stress is defined as that at the enc 

of the previous time step and analysis continues. When this occurs, the form of 
the input empirical equation should be checked. 
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B.6 COMPUTER TIME REQUIREMENTS 

Computer (CPU) time data compiled for analysis cases using the TPSC program 
are shown in Figure B-15. These data points are plotted against a value N which 
is the product of the number of increments through the panel depth (NSECT + NBSECT), 
the number of segments along the panel length (NSTAT), the number of time steps in 
the load -temperature trajectory (NTIME), and the number of cycles being analyzed. 
Data, shown in the figure are for analysis conducted using the time hardening 
theory of creep accumulation program option. 

Because additional iterations are required in analysis using the strain 
hardening theory of creep accumulation, a factor of 1.8 (factors for specific 
cases typically range from 1.3 to 2.4) should be applied to the range shown in 

Figure B-15 for this option. In addition, the data plotted are for separate runs. 
Running of multiple cases results in a somewhat lower per case computer time. 

Variations in required computer time are expected from run to run depending 
on times required to converge on stresses, load balances, and moment balances in 
the program. The data, obtained in analysis for prediction of creep deflections 
in subsize and full size panels, are presented to provide computer time guidelines 
for the TPSC program user. 
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B.7 ANALYSIS SENSITIVITY TO PANEL ELEMENT SIZE 

Limited studies have been conducted to investigate the sensitivity of the 
TPSC program prediction capability to the number of sections along the panel 
length (NSTAT) and increments through the panel depth (NSECT). Shown in Figure 
B-16 are typical midspan elastic and creep deflection predictions as a function 
of these variables. This example is based on an 11-inch titanium panel subjected 
to a uniform pressure load. These studies have demonstrated that a minimum of 
these sections are needed to maintain prediction precision and, based on study 
results, the values NSTAT = 6 and NSECT = 10 are default values in the 
program. Because more sections are required to define horizontal sections and 
flange sections for the Z stiffened TPS and corrugation stiffened TPS than for 
the rib stiffened concept, a minimum value for NSECT is recommended as 8 for the 
rib, 10 for the corrugation, and 12 for the Z stiffened concepts. Also the effects 
of NSECT on creep deflection prediction capability will be somewhat dependent on 
the degree of nonlinearity of the input creep strain equation with respect to 
stress. Therefore, more sections should be included for equations which are very 
nonlinear in stress. 
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B.8 EXAMPLE PROBLEMS 

The following two example problems are provided to demonstrate the input for 

the major programs options. Section B.3 should be consulted for default values for 
variable means not included in the input. These default values apply when the 
variable is not input. 

EXAMPLE PROBLEM 1 

Example problem 1 demonstrates analysis capability for the rib stiffened 
panel shown in Figure B-17(a). This simply supported panel is loaded with two 
point loads located 3.62 inches from the panel supports as shown in Figure B-17(b). 
In the example, the panel is subjected to ten constant load and temperature cycles 
of 20 minute duration each (Figure B-17(c)) and the time hardening theory of creep 
accumulation is used. The panel temperature is a function of panel length as 
shown in Figure B-17(d). Elastic modulus is defined as a function of temperature 
as 12.3 X 10^ psi at 725°F and 11.8 x 10^ psi at 825°F (note this covers panel 
temperature range of 769°F (.932 x 825, Figure B-17(d)) to 825°F) . U.S. Customary 

units are used in the input data. The following creep equation for Titanium 
(Reference 2) is used: 


Ine = -26.22982 +26.2485T +.000126o^ +1.40406 Ino +.46894 Int • 
where t = time, hours 

T = temperature, °F/1000 
a = stress, ksi 

Deflection, strain, and stress outputs are requested after 1, 3, and 10 cycles 
are data given through the panel depth and along its length are output according to 
the default values of NSECT (10) and NSTAT (6), respectively. 

Input and output for example problem 1 follows. 
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(a) PANEL GEOMETRY 


57.07 Lbs. 57.07 Lbs. 





(d) TEMPERATURE DISTRIBUTION 


FIGURE B-17 EXAMPLE PROBLEM 1 
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EXAMPLE PROBLEM 1 OUTPUT 


DEPTH 

- 

Q.<i3E«-00, 

phicor 

X 

0.0, 

PITCH 

X 

O.lE+01, 

FLAT 

X 

0.0, 

EDGE 

X 

0.0, 

NCOR 

X 

0, 

TS 

X 

0.22E-01, 

TC 

X 

0.0, 

XLGTH 

s 

D.llE^OZ, 

TR 

X 

0.Z2E-01, 

NRI9 

X 

3, 

RI0FLG 

X 

O.ZSE^OO, 

ZPNEOl 

3 

0.0, 

ZPNE02 

X 

0.0, 

NZEE 

* 

0 , 

TZEE 

3 

0.0, 

ZEESF 

X 

0.0, 

ZEESFl 

- 

0.0, 

ZEEFF 

X 

0.0, 

ZEEFFl 

s 

c.o, 

BHin 

* 

O.Q, 

BDEP 

= 

0.0, 

BRAD 

= 

0.0, 

PRESS 

* 

o.c, 0 . 0 , 0 . 0 , c.o, 0 * 0 , 0 . 0 , 0 . 0 , 0 * 0 , 0 * 0 , 0 * 0 , 

TEHP 

X 

Q.629Ei03, 0*0, O.C, 0*0, 0*0, 0*0, 0*0, 0.0, 0.0, 0 

DXTTME 

X 

C.2E^C2, 0*0, 0.0, 0*0, 0*0, C.O, 0*C, 0.0, 0*0, 0,0 

PLOAO 

X 

0 . 1141^»5E>Q3, 0*0, O.C, 0.0, 0.0, 0.0, 0.0, O.Q, 0.0, 

ALEN 

X 

C.3C2E^01, 

XNU 

X 

O.C, 

PANWIO 

3 

0.2SE401, 


Q.Of 


- 0.1E>01» 0.0» O.Cf O.Off 

> o.ie^^oif o.Of o.o» o.o» 


0 * 0 , 

O.Oy 

c.c, 

0 * 0 , 

0 . 0 , 

o.c, 

c.c, 

O.D, 

D.O, 

o.c, 

0 . 3 , 

o.c, 

0 . 0 , 

0 . 0 , 


c’ 

c , 

Qi 


0. G, 

c. o, 
o.c, 
0 . 0 , 
0 . 0 , 

J . u , 
0 . 0 , 
0 . 0 , 
0 . 0 , 
Q.G, 
0 . 0 , 

d. o, 
0 , 0 , 
0 . 0 , 


c.o, 

0.3, 

c.o, 
0 . 0 , 
0.0 , 
0 . 0 , 
0 . 0 , 
0.3, 

c.o, 

c.o, 

c.o, 

0 . 0 , 

S;S: 

0 . 0 , 
0.0 , 
c.o, 
0 . 0 , 
0 . 0 , 
0 . 0 , 
0 . 0 , 
O.D, 

l:fi 

O.D, 

C.O, 

C.D, 

0 . 0 , 

0 . 0 , 

!i:g; 


0.0, 

o.c, 

o.c. 

0.0 , 

Q.O, 

o.c, 

0.0, 

c.o, 

o.c, 

0.3, 

o.c, 

O.Q, 

0.3, 

c.o. 

c.o 

c.c, 

0*0, 

0.3, 

0.9, 

0.0, 

c.o, 

0.0, 

g.o, 

C.D, 

c.o, 

o.c, 

G. C, 

c.o, 

i-b 

0.: 

0.3, 

c.c, 

0.0, 

o.c, 

O.C, 

C.D, 

c.c, 

0.0, 

C • t , 

0.0, 

c*c, 

O.Q, 

0.3, 

c.o. 

c.c 

0.0, 

c.o, 

0*9, 

O.Q, 

O.D, 

o.c, 

0.0, 

c.o, 

O.G, 

3.C, 

0.0, 

0.0, 

O.Q, 

c.o. 

c.o 

0.0, 

o.c. 

0.0. 

0.0 , 

0. 0, 

0.0, 

o.c. 

o.c, 

o.c. 

0.0, 

0 . c. 

0.0, 

0.0, 

0.0, 

o.c 

o.c, 

o.c, 

o.c, 

O.G, 

0.3, 

o.c. 

0.0, 

C . j , 

c.c. 

0.0, 

c.c. 


D.C, 


c.c 

o.c, 

o.c, 

c.o, 

0.0, 

0.3, 

o.c, 

c.o, 

c.c, 

o.c. 

3.0, 

0.0, 

c.c, 

c.c, 

0 • »j f 

o.c 

o.c , 

o.c, 

9.0 , 

0 .0 , 

0.0, 

0.0, 

0.0, 

c.o. 

o.c, 

0.0, 

c.o. 

0.9, 

0.0, 

0.0, 

0.0 

O.Q, 

0*0, 

g.o. 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 


O.G, 

Q.O, 

c.o 

O.Q, 

0.0, 

0.0, 

0.0, 

o.c. 

0.0, 

0.0, 

G.o, 

0.0, 

o.c, 

c.c, 

0.0, 

0.3, 

c.o. 

c • c 

0.0, 

9.0, 

0.0, 

O.D, 

O.D, 

O.Q, 

0.0, 

9.0, 

o.c, 

o.c, 

c.o. 

O.Q, 

0.0, 

o.g, 

c.c 

0.0, 

o.c, 

O.G , 

9.3 , 

0.0, 

0.0, 

0.0, 

0.0, 

O.Q, 

O.D, 

o.g. 

0.0, 

O.Q, 

O.Q, 

0.0 

o.g, 

g.o, 

0.0, 

0.0, 

g.o. 

0.0, 

0.0, 

O.Q, 

O.Q, 

0.0, 

c.o, 

c.o. 

Q.Q, 

o.c. 

c.o 

0.0, 

O.Q, 

0.0, 

o.c. 

0*0, 

c.o. 

c.o. 

0.9, 

0.:, 

o.c, 

c.c. 

o.c, 

0.3, 

C.D, 

C.D 

0. D, 

o.c, 

o.c, 

o.c , 

O.Q, 

c.o. 

o.c. 

0.0, 

O.Q, 

0.0, 

c.c, 

0.0, 

O.G, 

c.c. 

c.c 

o.c, 

0.0, 

0.0. 

0.0, 

0.0, 

c.o. 

c.o , 

0.3, 

0.0, 

3.0, 

0.0, 

0.0, 

Q.O, 

c.o, 

c.c 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

c.o, 

o.c, 

0.0, 

o.c. 

o.c, 

c.o. 


0.0, 


o.c 

o.c, 

o.c, 

c.o, 

G.D, 

O.C, 

o.c. 

o.c, 


0.3, 

G.o, 


0.0, 

c.o. 

0.3, 

9. G 

0.-3, 

o.c, 

0*0, 

O.Q, 

0.0, 

o.c. 

o.c, 

C . L , 

c.c. 

0.0, 

c.c, 

0.0, 

3.0, 

0 . c , 

c.c 

g.o. 

0.0, 

0.0, 

0.0 , 

0.0, 

c.o. 

c.o. 

0.0, 

0.0, 

0.0, 

Q.Q, 

0.0, 

D.O, 

2-S’ 

c.o 

0.0, 

0.0, 

0.0, 

0.0 , 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

D.C, 

0.0, 

0.0, 

0.0, 

Q.O 

o.c, 

c.c. 

0.3, 

0.0, 

0.0, 

c.o. 

c.c, 

• C.C, 

o.c, 

o.c. 

c.c, 

0.0, 

0.0, 

0.0, 

c.c 

o.c. 

o.c, 

3.0, 

0.0 , 

0.0, 

0.0, 

0.0, 

0.9, 

0.0, 

o.c, 

0*0, 

0.0, 

D.O, 

c.c, 

3.C 

0.0, 

g.o, 

0.0, 

0.3 , 

g.o. 

0.0, 

0*0, 

0.0, 

0.0, 

0.0, 

c.o. 

0.3, 

g.o, 

c • c , 

c.o 

0.0, 

0.0, 

g.o, 

0.0, 

0.0, 

G.o, 

c.c, 

S‘2» 

0.0, 

o.c, 

0.0, 



u • 0 , 

o.c 

0.9, 

o.c, 

0.9, 

0.0, 

0* G, 

0*0, 

0.0, 

c.o, 

o.c. 

D.C, 

0. c, 

c • 2 » 

3.3, 


c.c 

o.c. 

fl .0, 

g,0i 

0.0, 

0.0, 

0*0, 

0.0 , 

0.0, 

o.c, 

o.c, 

o.c. 

5*2* 


S'S’ 

O.Q 

0.0, 

O.G , 

0.0 , 

0.0 , 

0.0, 

0.0, 

0.0, 

0.0, 

o.c. 

0.0, 

o.c. 

O.Q, 

0.3, 

c.o , 

9 . Q 

0*0, 

0.0, 

g.o, 

0*0, 

O.D, 

c.o. 

g.o. 

0.0, 

0.0, 

O.D, 

o.c. 

3.0, 

0.0, 


c.c 

9*0, 

G.G, 

0.0, 

O.G, 

0*0, 

o.c, 

O.Q, 

0*0, 

0.0, 

0.0, 

0*0, 

O.D, 

0.0, 

c.o. 

0. 1 

9,0, 

0.0, 

0.0, 

0.0, 

0*0, 

0*0, 

O.Of 

O.Q, 

0.0, 

9.0, 

0*0, 

O.Q, 

O.Q, 

0*0, 

c.o 

0.9f 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

O.Q, 

0*0, 

0.0, 

0.0, 

0* 0, 

0.0, 

0.0, 

S*5> 

c.o 

0.0, 

0*0, 

0.0, 

o.c, 

D.O, 

0*0, 

1:1; 

0.0* 

0*0, 

0*0, 

0.0, 

0.0, 

0.0, 

0*0, 

O.Q, 

0.0, 

C • 0 , 

c • c 


0 . 0 , 
C * , 
O.c, 
0 . 0 , 
D.C, 
C.O, 


C. O, 

c.o, 

0 * 0 , 

o.c, 

0. J, 

D. O, 
C.C, 

9 . >i , 

0 . 0 , 


o; 

Of 


0.9, 

O.D, 

0 . 0 , 

0.9, 

C.C, 

o.c, 

0 . 0 , 

0 . 0 , 

0 . 0 , 
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EXAMPLE PROBLEM 1 OUTPUT 


O.aej^Ol, O.^^E^OI, 0.55E»01, 0.932E400, 0.966E400, 0.989E400, 

0»1E401» 0.0» 0.0, 0«0» O.Ot O.Of 0.0» O.Of O.Oy 0.0, 0.0, O.G, O.Q, 


g.i23E4oe, o.uoE^na, o.o, o.o, o.o, c.c, a.c 

0«0, 0.0, 0.0, 0.0, 0.0, O.Ov 0.0, 0.0, 0.0, 0.0, 


NT THE 

X 


if 

XTEMP 

3 


0.0. 0.1E4C1, 0.<»E4C1 

0.1E401, 0.0, 0.0, 0 

NEHCAS 

* 


If 

YTEMP 

3 


0.0, Q.O, Q.O, 0.0, 
C.O, 0.0, 0.0, 0.0, 

EMOD 

s 


C.O, 

ETEMP 

3 


C.g, O.lE^Ol, 0.2E4C1 
0.0, 0.0, 0.0, O.Of 

INCGEO 

= 


1, 

IND80 

3 


Of 

INOLOD 

3 


1, 

INDSUP 

X 

1 

Of 

INDPLA 

3 

1 

9 

inotfl 

3 


9 

INDTFD 

3 

1 

9 

K C > C L E 

= 


t 3f 13, C, 0, 0, 

INPHOr 

= 


f 

IMDELA 

3 

0, 

NCYCLE 

= 

IQf 

NUMCYC 

* 

3, 

ITCON 

3 

t 

If 

NT CON 

3 

1 

1, 

ECOEFF 

3 

C 

t.O, O.Ot 0.0, 0.0, 

Z 


-c 

1 

0 

c 

.26229F2E402, C.Oi 0, 
*9’ 9*5* o»Of QtC, 

•G, O.Q, O.Q, Q.O, 
•0, 0.0, 0.0, 0.0, 
•0, 0.0, 0.0, O.Of 

HARDOP 

X 

0 

.1E401, 

TMAX 

= 

0 

.0, 

INCYC 

= 

1 

, 

ITIME 


1 

, 

lEONTP 

= 

0 

f 

ITNTF 

X 

1 

, 

lOIMEN 

= 

1, 

TLOAD 

3 

1 

, 

TEONST 

X 

1 

t 

NSTAT 

3 

6 

f 


0 , Q , 0 , 


0 . 0 , 
0.0 « 
0 . 0 , 


0 . 0 , 

0 . 0 , 

O.Of 


0 . 0 , 

0 . 0 , 

8 : 8 ; 

0 . 0 , 


0 . 0 , 

o.c, 

0 . 0 , 

0 . 0 , 

O.Q, 


SEC 

NSECT 

N8SECT 

IRESTO 

RESSIN 


0.1E403, 

lOf 

6» 

0, 


0. <i6a9tiE4 00. 0.140<|Q6E401, 


8 : 8 *. 

0 . 0 , 

0 . 0 , 


8 : 8 : 

0 . 0 , 

0 . 0 , 


Li, U I 

O.o, 

O.G, 

O.Q, 


0 . 0 , 

0 . 0 , 

0 . 0 , 


C. 0, 
0 . 0 , 
0 . 0 , 


0.0, 0.12E-C3, O.Q. C.O, 

0.0, O.Q, 0 . 0 , 0.0, O.u, 

S*S^ S*5* 2*9^ o.D, O.G, 

0.0, O.Q, 0.0, 0.0, 0.0, 


0 . 0 , 

0 . 0 , 

0 . 2 , 

Q.O, 

0 . 3 , 

0 . 3 , 

O.D, 

O.Q, 

0 . 0 , 

0 . 0 , 

O.Q, 

8 : 8 : 


G.O 

O.C 

0.0 

0.0 

Q.O 

O.C 

0.0 

Q.O 

0.0 

0.0 

0.0 


0.0, 

o.c, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

O.Q, 

0.0, 

Q.C, 

o.c. 

C.O, 

0.0, 

0 . 0, 

C.O, 

C . 0 

o.c, 

s . c , 

0. 0 , 

0.0, 

0.3, 

C.O, 

0.0, 

0.0, 

o.c, 

o.c. 

o.c, 

0.0, 

0.3, 

0.3, 

c.c. 

G . 0 

o.c, 

0.0, 

0.3, 

0*2, 

0.0, 

o.c, 

0.3, 

0.0, 

O.Q, 

0.0, 

0.0, 

0.0, 

0.3, 

0.0, 

0.0, 

0 • G 

O.Ot 

0.0, 

S-S’ 

0.0, 

o.a. 

o.c. 

0.0, 

0.3, 

0.0, 

0.0, 

C. 0, 

0.0, 

0.0, 

c . c. 

c.c, 

c.c 

O.G, 

9 • 2 » 

S-2* 

2'9’ 

O.Q, 

o.c. 

2*2’ 

0.0, 

Q.O, 

o.c, 

C.O, 

3. cl 

o.c, 

0.3, 

C.O, 

c.c 

0. 0 , 

9 • ft • 

O.Q, 

9*9’ 

C.O, 

0*0, 

0.0, 

C.O, 

3.0, 

0.0, 

0.0, 

0.0, 

C.O, 

c.c, 

C.G, 

0. 3 

2*2’ 

0.0, 

3.0, 

2*2 ’ 

0.3, 

2*2’ 

2*2’ 

g.a. 

Q.O, 

0.0, 

0.0. 

0.0, 

0.0, 

O.Q, 

c.c. 

0 . 0 

0.0, 

2 *n ’ 

0.0, 

0.0, 

0*0, 

0.0, 

0.8, 

0.0, 

O.Q, 

0.0, 

0.0, 

0.0, 

0.3, 

c . 0 , 

o.c, 

0.3 

0.0, 

0.0, 

0.0, 

J • G , 

3.2, 

C.O, 

0.0, 

0.0, 

o.c. 

3.0, 

0. 0, 

o.c. 

C.G, 

C.O, 

:.c, 

C.G 

0.0, 


0*0, 

C.O, 

O.Q, 

o.c, 

O.Q, 

C.O, 

o.c, 

0.0, 

o.c. 

c.c, 

c.c, 

o.c, 

c.c, 

3 . C 

o.c, 

2*S’ 

0*3 , 

2*2* 

0*0, 

O.Of 

2*2’ 

2*2’ 

o.c. 

Q.O, 

0.0, 

C.O, 

0.0, 

G.O, 

C.O , 

0 . 3 

O.Q, 

0.0, 

2*2’ 

O.Q, 

2*2’ 

0.0, 

0*0, 

0.0, 

0.0, 

Q.O, 

0.0, 

0.3, 

0.0, 

Q.O, 

0.0, 

0.0 



0.0, 

2*2’ 

2*2’ 

2 *ft ’ 

2*2’ 

0.0, 

o.c. 

0.0, 

o.c. 

0.0, 

0.0, 

9«C, 

O.G, 

3.3 

0.0, 

O.Q, 

0.0, 

5 • 5 f 

0.0, 

Q • Q f 

0.0, 

C.O, 

Q.O, 

0.0, 

Q.O, 

0.3, 

0*0, 

0.3, 

G.O, 

0.0 

0.3, 

0.0, 

0 * 0 I 

0.0, 

0.0, 

Q.O, 

0.0, 

0.3, 

O.Q, 

Q.O, 

0.0, 

O.Q, 

Q.O, 

C.O, 

c.c. 

o.c, 
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EXAMPLE PROBLEM 1 OUTPUT (Continued) 


ESTIFF 

IN002 

INDSTR 

DETMO 

SEND 


• W t 

G.Of 
C • C 9 
O.G« 
O.Of 
C.G. 

Q • U 9 

O.Ot 

!:!: 

0.3» 

0.0« 

8 : 8 : 

0«09 

0.0« 

0«0, 

O.Of 

O.Of 


U: 

0 . 0 , 

0 . 0 , 

0 . 0 , 

0.3, 

0 . 0 , 

0 . 0 , 

0 . 0 , 

0 . 0 , 


*n • 

.0 , 
• 0 , 


C . ‘j s 

0 « c , 
0 . 0 , 
0 . c, 

0.3, 

0. c, 
0 . 0 , 
0 . 0 , 
0 . 0 , 
0 . 0 , 
G.O, 
0.0, 
0 . 0 , 
O.G, 
0 . 0 , 
0 . 0 , 
0 . 0 , 
0.3, 


c.c, 

c.c, 

c.c, 

0 . 0 , 

0 . 0 , 

c.c, 

o.c; 

0 . 0 , 

0 . 0 , 

Q.3, 

8 : 8 ; 

8 : 8 : 

8 : 8 ; 

3.0, 

8 : 8 : 


0 . 0 , 

0.3, 

0 . 0 , 

0 . 0 , 

0 . 0 , 

8 : 8 ; 

0.0 1 


0.0 
0.0 
0 . 0 , 
0 . 0 , 
0.0 , 
0 . 0 , 
0 . 0 , 

8 : 8 : 


O.G, 
3.0, 
0.0 , 
0.0 t 

8 : 8 ; 

O.C, 

0.0, 


8 : 8 : 8:8 
3.0, 0.0 


o.o! 

0 . 0 , 

0.0, 

S:8; 

0 . 0 , 


0.3, 
C . u , 
J.Q, 
0.0, 
0.0, 
0 . 0 , 
0 . 0 , 
0 . 0 . 
o.c, 
0 . 0 , 
0.3, 
0.0, 
0.0, 
0.0, 
0.0, 
0.0, 

8:8: 


L .0 , 
C.D, 
0.0, 
0.0, 
G.O, 
C.Q, 
c.o, 
c.o, 
c.c, 
c.o, 
c.o, 
0.0, 
c.o, 
0.0, 
o.c, 
€.0, 
0.0, 
0.0, 


o.u, 

0.0, 

0.0, 

0.0, 

0.0, 

• s » 

• 3 , 

• Of 
G.O, 
0.0, 
0.0, 
0.0, 

8:8; 

0.0, 

0.0, 

3:8: 


C • J , 

c.o, 

0.0, 

0.3, 

0.0, 

0.0, 

G.1, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 


0.0, 

0.0, 


o.c, 

c.o, 

O.G, 

O.Q, 

0.0, 

o.c, 

o.c, 

0.0, 

0.0, 

0.0, 

O.G, 

0.0, 

8:8: 

8:8: 

8:8: 


G.O, 

3.Q, 

3.0, 

0.0, 

G.O, 

0.0, 

O.C, 

3.0, 

0.0, 

3.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

O.G, 


t-"’ 

L • L , 

c.c, 
o.c, 
c.o, 
c.c, 
c.c, 
0.0, 
c.c, 
0.0, 
0.0, 
0. 0, 

8:8: 

8:8: 

0 . 0 , 

0.0, 


0. Q| 

0.3, 

c.o. 

s • J; » 

C.C, 


O.Q 

3.3, 

0.0, 

n* 

C.Q, 

0.3, 

0.3, 

C.O, 

0.3, 

O.Q, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

c.o. 

C.Q, 

c.c, 

0 • 5 » 

O.C, 

0.0, 

0.0, 

0.0, 

0*3, 

O.C , 

O.Q, 

C.O, 

o.c, 

0.0, 

0.0, 

C.O, 

C.O, 

C.G, 

0*0, 


3.0, 

O.C, 

0.0, 

0.0, 

O.Q, 

O.C, 

8:8; 

O.C, 

0.0, 


8 : 8 : 

0.0, 

c.o, 

8 : 8 ; 

8 : 8 ; 

O.Q, 

0 . 0 , 


C.O, 

C.O, 

c.o, 

0 . 0 , 

c.o, 

0 . 0 , 

0 . 0 , 

0 . 0 , 

0 . 0 , 

O.G, 


[.0, 

C.O, 

o.c, 
0 . 0 , 
c.c, 
c.o, 
0 . 0 , 
0 t u , 

o.c, 

c.o, 


• '-if 

8 : 8 : 

O.Q, 

8 : 8 ; 

0.3, 

0 . 0 , 

3*3, 

0 . 0 , 


0 . 0 , 

c, 

0, 

0 . 0 , 
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EXAMPLE PROBLEM 1 OUTPUT (Continued) 


CASE 1 ANALYSIS 
ELASTIC STRESSES AT .917 


10 


TRAJECTORY TIME STEP 1 
AREA(SQ.I^) Y(1N) 


7. 992C3E-C3 
2.99200E-C3 
2.992‘3GE-03 
2.9q2C0C-03 
2.99200E-03 
2.9920 jE-C3 
2.9920QE-03 
2.99200E-03 
2.99200E-03 
5.500COE-02 


2.26667E-02 
6.80000E-02 
1. 13333E-01 
i.5ae67E-oi 
2.3«»Ca0E-Cl 
2.<<9333E-Cil 
2.9*«667E-J1 
3.4POC3E-01 
3.85333E-C1 
4.19000E-01 


STRESStPSn 

7.C7220E<'03 
6. 08774Efu3 
5. 10325E+Q3 
4, llflfl2E + 03 
3.13436E+03 
2.14990E+C3 
1. 16544E^03 

-l.E3458E^03 


CASE 1 ANALYSIS 
ELASTIC STRESSES AT 1.G33 


J 


1 

2 

3 

4 

5 

6 
7 
6 
9 

10 


trajectory time step 1 

AREA<SO.IN> Y(IN) 


2.9920 
2. 9920 
2.9920 
2.9920 
2.9920 
2.9923 
2.9920 
2.9920 
2. 9920 

s.sooo 


OE-03 

0E-C3 

OE-03 

mi 

0E-C3 

OE-03 

OE-03 

OE-03 

OE-02 


2.26Efi7F-C2 
e. 80DC0E-C2 
1.13333E-01 
1.58E67E-C1 
2.04:C0E-Q1 
2.49333F-C1 
2.94E67E-01 
3.4fl0C0E-01 
3.85333E-01 
4.19000E-01 


STRESS(PSI) 

2.12166E+C4 
1. 82^32E04 
1.53098E+04 
1.2396EE04 
9.403C9E^03 
E. 449nE*03 
3.49633Et03 
5.42947E^02 
-2.41043E+03 
-4.6C375E»03 


CASE 1 ANALYSIS 
ELASTIC STRESSES AT X= 2.750 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


TRAJECTORY TIME STEP 1 
AREA(SQ.IN) YUN) 


2.99200F-03 
2. 99200F-03 
2.99200E-03 
2.9q?3Jf-03 
2.99200E-03 
2.99200E-C3 
2,99200E-03 
2.99200F-03 
2.99230E-03 
5.50000E-02 


2.26F67E-02 

6.6COOOF-C2 

1.13333E-01 

1.58F67E-01 

2.04000E-01 

2.49333E-01 

2.9Ue67E-Cl 

3.40COCE-01 

3.85333E-01 

4.19000E-01 


STRES3(PSI) 

3.53F1CE+04 
3. C4387F + 04 
2.55lE4E*04 
2. O5941E^04 
1.56718E»04 
1.07495E+04 
5.ft272lE4fl3 
9.04912E4Q2 
-4.01739E403 
-7,€7292E403 
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EXAMPLE PROBLEM 1 OUTPUT (Continued) 


CASE 1 ANALYSIS 
ELASTIC STRESSES AT X= 3.667 


TRAJECTORY TINE STEP 


AREA(SQ.IN) 

2.99700E-03 

2.99201E-33 

2.992CCE-C3 

2.9920JE-03 

2.99200E-03 

2.992CQE-03 

2.99203E-C3 

2.9920>:E-C3 

2.992a0E-03 

5.50003E-02 


2.26E67E-02 

6.80000E-02 

1.13333E-C1 

1.55667E-Ci 

2.04QOCE-01 

2.A9333E-01 

2.9<i667E-01 

3.40a00E-fll 

3.653332-01 

^.19000E-01 


STPESS«PSI> 

5.56575E^0«i 
4,8Ce21E^04 
<♦. i:3:67E + 34 
3. c931EE^04 
2 . 4755^2 + 04 
l,e9flO3E^0 A 
9.204e8E^03 
1.42943E^C3 
<^6.34601E+03 
-1.212C4E^04 


case 1 ANALYSIS 
ELASTIC STRESSES AT X= 4.583 


TRAJECTORY TINE STEP 


AREA(SQ.IN) 

2.99203E-03 

2.R92CDE-03 

2.992C:E-C3 

2.9925:E-C3 

2.992C0E-03 

2.99253E-03 

2.992fi0E-03 

2.99200E-03 

2.99200E-03 

5.50Ca0E-Q2 


2.26C67E-02 

6.60C02E-02 

1.13333E-C1 

1.56E67E-C1 

2.0400QE-01 

2.49333E-C1 

2.94667E-01 

3.4000DE-C1 

3.85333E-01 

4.19000E-01 


STPESS(PSI) 

5.50575E+O4 
4.flC621E*04 
4.03067EtC4 
3. 25312E+C4 
2. 475562 + 04 
1.P96C3E+04 
9.2Q466E+03 
1.42943E+03 
-6.34601E^03 
-l,2i204E+04 


CASE I ANALYSIS 
ELASTIC STRESSES AT X= 5.500 


TRAJECTORY TIME STEP 


APEA(SQ.IN) 

2.99233E-03 

?,99?OOE-03 

2.99LDOE-03 

2.9920:E-C3 

2.99E30E-03 

2.99200E-Q3 

2.9920QE-03 

2.992D3E-03 

2.992DOE-03 

5.50COQE-02 


2.26?67E-C2 
6.PD0COE-02 
1.13333E-01 
1.58P67E-D1 
2.343C0E-01 
2. 49333E-01 
2.94667E-01 
•3.4000CE-01 
3.65333E-01 
4.19000E-C1 


STPESS(PSI) 

5. 58575E+04 
4. 80821E+04 
4. 03267E + Q4 
3. 25U2E + 04 
2.47558E+04 
1.69603E+04 
9.2Q480E+D3 
1.42943E+C3 
-6.34601E«>03 
-1.21204E+04 
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EXAMPLE PROBLEM 1 OUTPUT (Continued) 

CPElP Pf’LUICTION COMPUTER PPOGPAM 
TPSC example PROOLEM 1 


«I8 STIFFENED TPS FAKEL 


SKIN GAGE = .C?2 INCHES 

»TR GAGE = ,022 INCHES 

NUMBER OF RIBS = 3 

PITCH LENGTH = l.OOQ INCHES 

PANEL EDGE LENGTH » ,250 INCHES 

PANEL DEPTH = ,ii30 INCHES 

calculated HCMENT of inertia = .0012046 

ELASTIC neutral AkIS = INCHES 


panel length = 

PANEL WIDTH = 


11.00 INCHES 
2.50 INCHES 


APPLIED LOADS 

TWO POINT LOADS , DISTANCE FROM SUPPORT TO LOAD = 3.62 INCHES 


TRAJECTORY DATA 

TIME (SECONDS! 

LOAD (LBS) 
temperature (DEG F) 


TIME 

START END 


0.00 


20.00 


TOTAL LCAO 
11 ( 1.145 


MIDSPAN SKIN 
TEMPERATURE 


625.0 


CWECP Pi^LUICTION COMPUTER PRO&PAH 


CYCLIC CREEP EQUATION DEFINITION 


LN<STRAIN>* -2.62296E^C1 

Z.624ASE^01 ’(TEMP) 
4.65940E-01 *LN(TIME> 
1.404t6E^CQ *LN(STRESS) 
1.20000E-04 •(STRESS>**2 


WHERE 


TIME = MINUTES 
TEMPERATURE * DEC K/lflOO. 
STRESS = KSl 


CPEEP PPtOICTION COHPUIEP PPOGRAM 

ELASTIC deflection SUMMARY 


BEAM STATION (INCHES) 

TIME(MIN) .92 1.83 2.75 3.67 4.58 5.50 

20.00 .0538 .1034 .1447 .1736 .1652 .1913 


CRElP HRLOICTION COHPUTLR PPOGRAM 

FIRST CYCLE CREEP DEFLECTION SUMMARY 


TIME 

20.00 


BEAM STATION (INCHES) 
•92 1.83 

.00874 .01716 


75 

3.67 

4.58 

5.50 

02466 

•03020 

•03249 

.03373 
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EXAMPLE PROBLEM 1 OUTPUT (Continued) 

CHcuP PRtOICTlON COMPUTER PPO&RAM 
CREEP OEFIECTICM SUMMARY 


BEAM STATION (INCHES) 


.92 

.C0674 


1.83 

.01718 

*02869 

•0A99S 


2.75 

.02^68 

.04121 

.07174 


3.67 

.03C20 

.05042 

.08776 


4.58 

. 03249 
. 35425 
.09443 


5.50 

.03373 

.05631 

.09801 


CREEP PKEOICTION COMPUTER PROGRAM 
CREEP STRAINS (PERCENT) 


HEIGHT 

.C227 

.0683 

.1133 

.2C*J 

.2493 

.2947 

:nn 

.4190 


.92 

. 0019:23 
.C017695 
. 0016448 
.0014E50 
.0C12455 
,0009769 
.0QC6522 
.0002342 
-.0002450 
-.0005176 


beam station 

1.83 

.: 1C7827 
.C102664 
.0095C76 
.CQ85C30 
.0072437 
,0056934 
.0037995 
.0014010 
-.0013657 - 

-.0029499 - 


( INCHES) 
2.75 

. 0266634 
,0259521 
, 0243624 
,0219456 
•0187336 
.0147213 
.0098249 
.0036957 
.0033317 
.0074319 


3.57 

.0622175 

.0634048 

.0613660 

.0563412 

.0485964 

.0363663 

•0257351 

.0102425 

-.0075228 

-.0181604 


4.58 

.0694993 

.0699768 

,0674936 

.0618551 

.0533155 

.0420952 

.0282651 

•0113121 

-.0081952 

-.0196653 


5.50 

.07559C3 

.0757375 

,0728482 

.06667C6 

,0574367 

.0453565 

,0304843 

.0122585 

-.0087799 

-.3213520 


OLhP PPEOICIIUN COMPUIER PROGRAM 
RESIDUAL STRESSES (PSD 


HEIGHT 

.0227 

.0680 

• 1133 
.1587 
. 20 43 
.2493 
.2947 

• 3400 
.3853 

• 4190 


4,3oi*01 
1.88E*01 
-1.51E4C0 
-1.76E*C1 
-2.9CE+01 
-3.47E + C11 
-3,31E*01 

3.98E«Q0 


BEAM STATICN 
1.63 

2.72EfC2 
l,l7EfC2 
-a,48E*CC 
-1.05E+02 
-1.70E+C2 
-2.C2Ef02 
-1.91E*C2 
-1. 21E*02 
-6.79E+4C 
2.19E«01 


(INCHES) 

2.75 

7.37E+02 

2.fllE^D2 

7.0aE+01 

3.24E>02 

4.83E^02 

5.46E>02 

5.04Et02 

3.15E^J2 

1.96E^01 

6.68E401 


3.67 

2.25E+03 
7.87C* 02 
-2.98E+02 
-l,D3Ei^03 
-1. 44E+ 33 
-1.55Ef03 
-1.38E*03 
-8.65E^y2 
-8.42E^01 
1.93Et02 


4.58 

2.3EE03 
8,52E^C2 
-3.10E+02 
- 1 . 1064-03 
-1.54E + G 3 
-1.67E^-C3 
-1.49E+03 
-9.44E^32 
-9.3CE*0l 
2.06E^02 


5.50 

2.51Et03 

9.20E^C2 

-3.C9E^02 

-1.15E4-C3 

-1.63E^03 

-1.78E^03 

-1.59E^C3 

-1.01Et33 

-1.01E4C2 

2.16£^C2 


C’^-LcP PKEPICMUIV COMPUTER PROGRAM 
CREEP STRAINS (PERCENT) 


HEIGHT 

• C227 

• 0680 
.1133 
.1587 
,2340 
.2493 
.2947 


.O0II4B6 

. 003CC56 
, C027497 
.0024793 
• 0021322 
.0016475 

.0:10933 

.0QG3863 


BEAM STATION 
1.83 
.C185157 
,0173352 
.0160945 
,0143369 
.0121611 
.C095189 
,0063164 

-;o324cog - 

-.0050825 - 


(INCHES) 

2.75 

. 0446756 
.0434295 
,0435599 
.0363911 
.0309542 
. D2422C-0 
.0160737 
.0358898 
•0058523 
•0127069 


3.67 

.U502C2 
.1053367 
. 10C9272 
.092:855 
, 0790515 
.06204 17 
,0413760 
.0158521 


4.58 

.1168299 
.1160093 
. 1107138 
, i:C7887 
.0814245 
.0677946 
,0452280 
,0173473 
-.0150274 
-.0343495 


5.50 

,1274953 

.1258219 

,1196515 

•1086973 

.C931C:2 

.07299C3 

,0467026 

.0166930 

-.0162431 

-.0370887 
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EXAMPLE PROBLEM 1 OUTPUT (Continued) 


f^PEDiCTICN COHPUTEP PPOf.PAM 
RESinUflL STRESSES (PSD 
CYCLE 3 


HEIGHT 

.36^0 

.1133 

.1567 

.700 

• 2403 

• 2 P 47 

• 34C0 

• 3853 

• ^190 


.92 

6.72E»01 
3.27E+C1 
-l.eiE-il 
-3.13E>C1 
-4, 97E+01 
-5.87E^C1 
-5.57E^01 
-3.44E+C1 
-9.23E-01 
7,3ie400 


BEAM STATICN 
1,33 

4. llEfC? 

1.09E+C2 

-2.75E+C1 

-1.33E^C2 

- 2 , 03 E 4 C 2 

-3.37E>C2 

- 3 . 19 E+C 2 

-2.01E^C2 

-7.79E+C0 

4 . 17 E^ 0 t 


( INCHES) 
2. 75 

1,23E»03 

4.47E»02 

1.18EfC2 

5.28E>02 

7.87E+02 

a,91E02 

0.28E>O2 

5,22E^02 

2.99E+C1 

1 . 13 E 402 


3.57 

3. 50£4^ G3 
1 , 2 *^E ^03 
-4.41E+02 
-1.61E+03 
-2.27E+ 03 
-2.47Ef03 
-2.23t^03 
-1,42E>C3 
-1.23E^02 
3.2DE^02 


4,58 

3.E9E >0 3 
1.3fE^02 
- 4 . 42 E +:2 
-1.7CEf33 
-2,43E>93 
-2.65C+03 
-2.41E^C3 
-1.54£>C3 
-1. 38EfO 2 
3.44Ef02 


5.50 

3.87E + C3 
1.45E^C3 
-4.49EK2 
-1.78E»03 
-2.56Et03 
-2.81L+03 
-2,57E^03 
-1.55Ef03 
-1.47E^02 
3.65E«C2 


C4EEP PREOICTTON COMPUTER PMQGRAH 
CREEP STRAINS (PERCENT) 
CYCLE 1C 


HEIGHT 

• C227 
.0680 
.11 33 
.1987 
.20 43 
.2493 
.2947 
. 3403 
.3853 

• 4190 


.P 2 

. 0C97249 
.0052260 
.0049814 
• 00438 48 
.0036925 
.0026872 
.CC18922 
•O0C6775 
-.OOC7372 
-. 0015571 


BEAM STATION 
1.93 

.C 726460 
.C309254 
.028C929 
.C249140 
.C 210548 
.0164199 
.0108649 
.003^824 
-.0042896 - 

-.0089320 - 


(INCHES) 

2.75 

. 0801124 
.0766332 
. C705959 
.0629363 
.0532435 
.0415020 
"274346 
100071 
- -103624 
.0222741 


3,67 

,1893706 
.1839271 
, 1728*^ 56 
.1550245 
.1329808 
.1038762 
.0693145 
.0263652 
-.0242349 
-.0543836 


4.58 

. DC4611 
.202742G 
.1895879 
. 17C4589 
.1450772 
.1131533 
.0755747 
.0287466 
-.3266806 
-.0596371 


5.50 

.2296524 
.2199245 
.2247676 
.1835790 
. 1559563 
.1214909 
.0811269 
.0308543 
-.0268725 
-.0643824 


CPEEP PREJICTION COnPUTEF PROGRAM 
RESinUAL STRESSES (PSD 
CYCLE 10 


HEIGHT 

.92 

BEAM STATICN (INCHES) 
1.83 2. 75 

3.67 

4.58 

5.53 

. 0 227 

1. lPEf02 

7. 025+02 

1.88E+03 

5.25E+03 

5, 51E+03 

5. 73E+C3 

.C6 80 

e.ecE^oi 

3. 15E + C2 

7. 09E+02 

2, C''’E+C3 

2.20E+C3 

2. 31E+33 

.1133 

-1.44E4u1 

-3.47E+01 

-1.60E+02 

-4.905+C2 

-4,72E+02 

-4, 57E+C2 

• 1 5 8 7 

—5 . 4 PE ♦ C 1 

-2.955+C2 

-8.3 TE + 02 

-2. 33E+ C3 

-2. 43E+03 

- 2. 52E + G 3 

.20 <«a 

-8 .62E+ ui 

-4. 75E+C2 

-1.27E+03 

-1.46E+03 

-3.46E+33 

-3,eeE+Q3 

-3. 82E + 0 3 

• 2493 

-1. 02E+02 

-5. 61E+C2 

-3.86E+03 

-4. 10E + : 3 

-4. 31C + 0 3 

.2947 

-9 • 42E + 01 

-5.40E+02 

-1.37E+03 

-3.61E+G3 

-3. 80E + C 3 

-4. 11E^C3 

• 34 03 

-6, 04EtCl 

-3.44E+C2 

-8.68E+Q2 

-2.37E+C3 

-2.57E+D3 

-2.74E^C3 

• 38 53 

— 2.6lE*C0 

-7.8CE-+00 

-5.13E+01 

-2.22E+02 

-2.35E+02 

-2.49E+02 

.4190 

l»2eE^0l 

7.13E^01 

1.87E*02 

4.94E+02 

5.26E^02 

5.54E^02 


[ 
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EXAMPLE PROBLEM 2 

Example problem 2 demonstrates analysis for the 45.7 cm. long and 51.6 cm. 
wide beaded single skin corrugation stiffened panel shown in figure B-18(a). This 
panel is loaded with a uniform pressure and temperature where the pressure and 
temperature vary with time in each cycle as shown in figure B-18(c). The plate 
option is used in this problem and therefore the panel edge stiffness and Poisson's 
ratio are required input. The strain hardening theory of creep accumulation is 
applied in this example. SI units are used and the empirical creep equation is 
that for L605 (obtained in Phase I) as follows. 

Ine = -2.89413 -.01743t +.54892 Int +1.31015 Ina -6.66548 (1/T) 
+.19131 InT +.00021 (Tat) 

where t = time, hours 

T = temperature, °K/1000 
a = stress, MPa 

Deflection, strain, and stress output are requested after 1, 2, 3, 4 cycles 
and output are provided at 23 locations through the panel depth (NSECT + NBSECT) 
and 8 locations along the length (NSTAT). 

Input and output for example problem 2 follows. 
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EXAMPLE PROBLEM 2 OUTPUT 


. SCREEP 

: 

DCPTH •= 0*1552Ef01, 

PMICOR » 0.1263€+02t 

PITCH * 0.36TE»01t 

FLAT « 0*711E*0Df 

EDGE * 0.36E+00, 

NCOR -14, 

TS * 0.216E-01* 

TC = fl,14E-01» 

XLGTH » 0.457E^02f 

TR s O.Ot 

I NRIB X Of 

j RI0FLG = O.Of 

ZPNEOl ■ C*0* 

ZPNE02 = O.Ot 
NZEC - 0» 

T7EE = 0,0, 

ZEESr X 3*0* 

ZEESFl = 0,0, 

ZEtFF * 0.0, 

ZFEFFl =0.0, 

BwIO * 0.262E+01, 

BDEP = 0,279E»00, 

j 3PAD = -0,318E»01, 

j PRESS = 0.75AE»03, 0.758E*-03, 0,t655E*04, 0.2482E^04, 0.1655E^04, 0.0, 0.3, 0.0, 0.0, 0.0, 

TEMP = 0.1122E*04, 0.1Z3l£*04, 0«i23iE^04, 0»1225E*04, 0.1014E^04, 0.0, 0.0, 0.0, 0.0, 0.0, 

OXTIHE » 0.l33EfGl, 0.467E*01t 0.75£^0l, O.ftSE^Ol, 0.1133E^02, 0.0, 0.0, O.O, 0.0, 0.0, 

PLOAO 7 0,0* 0.0, 0.0, 0.0, 0.0, 0.0, 0.0* 0.0, 0.0, 0.0, 

ALEN = 0.0, 

XNU = 0.3E«^00, 

PANUIO X 0.516E4>32, 

C * O.lE^Ol, 0.0, 0.0, 0.0, 



0 

X 

O.IE^OX, 0 

• 0, 0 

• 0, 0 

.0, 




E 

X 

0.0, 

O.D, 

0.0, 

0.0 t 

0.0, 

0.0, 

0.0, 

0.0, 



0.3, 

0.9, 

0.0, 

0.0 • 

0.0, 

0.0, 

o.g. 




.0.0, 

0.0, 

0.0, 

0.0 • 

0.0, 

D.O , 

0.0, 

0.0, 



U: 

0,0, 

O.C, 

0.0, 

o.c. 

8:8; 

0. c , 
0.0, 

8:8; 

8:8; 

8:8; 



0.0, 

0.0, 

c.o. 

0.0, 

0.9, 

0.0, 

0.0, 




0,0 . 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

O.C, 

0.0, 



0.0, 

0,0, 

8:8; 

8;8; 

8:8; 

8:8; 

8:8; 

8:8: 

3:8: 



0,0, 

0.0, 

0.0, 

0.0, 

9.0, 
0 .0, 

0.0 , 
O.Q, 

o.g, 

0.0, 

8:8; 

0.0, 

0.0, 

O.D, 

0.0, 



0,0, 

0.0, 

0.0, 
0. J, 

0.0, 

0.0, 

8:8; 

8:8; 

8:8; 

0.0, 

0.0, 

0.0, 

0.0, 



0,0, 

0.0, 

0.0, 

0.0, 

0.0 , 

0.0, 

0.0, 

0.0, 



O.C t 

O.Q, 

0.0, 

a .0 , 

0.0, 

0.0, 

0.0, 

o.c. 



0.0 , 

O.C, 

O.G, 

0 .0, 

0.0 , 

0.0. 

0. 0, 

0.0, 



0.0, 

0.0, 

0.0, 

Q.O, 

0.0, 

9*S* 

0.0, 

0.0, 



0,0 , 

0*0* 

0.0, 

0 .0 , 

0.0, 

0.0, 

0.0, 

0.0, 



0,0, 

0.0, 

0 .0 , 

0.0, 

0.0, 

0.0, 

O.Q, 

0.0, 



l± 

o.c, 

0,0* 

0 .0 , 
0.0. 

Q.O, 

0.0, 

0.0, 
0. 0* 

0.0. 

0.0, 

0.0, 

O.Q, 

0.0, 

0.0, 



D.O, 

0.0, 

0.0* 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 



0.0 , 

0.0, 

0 .0 , 

0.0 , 

0.0* 

O.Q, 

0.0, 

D.O, 



l± 

0.9, 

0.9, 

8:8; 

8:3; 

0.0 * 
0,0* 

8:8: 

8:8: 

8:8; 



0,0 , 

C .0, 

0.0* 

0.0, 

0.0, 

0.0, 

0.0, 

0*0, 



o.c, 

0.9, 

0.0* 

a .0 . 

0 . c. 

O.Q, 

0.0. 

0.9, 



0.0, 

0,0, 

o.c* 

0.0, 

g.o. 

0.0, 

S*S* 




0,0, 

C. 9, 

0. g. 

0.0 • 

5.0 , 

0.0, 

Q.O. 

0.0, 



0,0 • 

0.0, 

o.c. 

0.0 , 

0,0, 

0.0 • 

G.O, 

0.0, 



0.0 , 

0.9, 

0.0, 

c.o . 

O.G, 

0.0, 

0.0, 

0.0, 



0.0, 

8:8; 

0,0, 

0.3, 

0.0, 

0.0, 

0.0 , 
0.0, 

0.0 , 

0.0, 

8:8; 

8:8; 

0.0 , 
0.0, 



0.0, 

0.0, 

0.0 * 

0.0, 

0,0, 



NT I HE 

X 

5, 








XTEMP 

X 

0.0, 

0.0, 

0.0, 

0*0, 

0.0, 

0.0, 

0.0, 

0.0, 


0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0*0, 



NEWCAS 

s 

2, 








TTEHP 

- 

0.0, 

o.c. 

0.0* 

0.0, 

Q.O, 

0.0, 

0,0, 

0.0, 


0.0* 

0.0, 

0.0, 

0.0, 

0.0, 

0,0, 



EHOO 

X 

0.0, 







B-73 


0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

Q.O, 

0.0, (1 

.0, 

0*0, 

0.0 

0.0, 

O.Q, 

g.o, 

0.0, 

8:8; 

0.0, 

0.0, 

g.o, 
0 .0, 

0.0, 

0.0, 

0.0, fl 
0 . 0 , c 

.0* 

.0, 

8:8*. 

8:8 

8:8; 

8:8: 

8:8; 

8:8; 

8:8; 

8:8: 

0.0, c 
0*0, c 

:8; 

8:8: 

8:8 

8:8; 

0.0, 

O.D, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

3:8; S 

:8; 

0.0, 
0.0 , 

O.g 

0.0 

8:8; 

8:8; 

8:8; 

0.0, 

0.0, 

0.0, 

0.0, 

8:8; 

8:8: J 

:8: 

8:8; 

8:8 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0 . 0 , c 

•5* 


8:3 

0 .0, 

0.0, 

O.D, 

0.0. 

0.0, 

0.0. 

0.0, 

. 0 , 

0.0. 

c.o, 

0.0, 

O.Q, 
0*0 , 

0.0, 
0 .0 * 

2-2’ 

0.0, 

8:8; 

!:1; 

8:8; S 

!:8; 

8:8; 

8:8 

0.0, 

0.0, 

0.0. 

0.0, 

0.0, 

g.o. 

Q.O, 

}.g. 

0.0, 

0.0 

0 .0 , 

0.0, 

0.0, 

O.Q. 

0.0 , 

0.0, 

0.0, 

).0, 

0.0, 

0 . 0 

0.0, 

8:8; 
0 .n , 

0.0, 
0.0 , 
Q.O, 
0.9, 

0.0, 

0.0, 

0.0, 

O.Q • 

0.0, 

0.0, 

0.0, 

O.Q. 

8:8: 

0.0, 

0*0 , 

8:8; 

8:8; 

l-ii I 
0.0, 

i;8; 

).C, 

}.0, 

0.0, 

8:8; 

0.0, 

0.0 

8:8 

0.0 

0.0, 

0.0, 

Q.O, 

0.0, 

O.Q, 

O.C, 

8:8: 

8:8; 

8:8; 

0.0, 

).0, 

0.0, 

8*8* 

0.0 

O.Q 

0.0 . 

0.0, 

0.0, 

0.0 , 

0.0, 

0.0, 

5.0, 

KO , 

0.0, 

0*0 

O.D, 

0.0, 

0.0, 

0*0* 

0.0, 

0.0, 

0.0, 1 

).0. 

0.0, 

0.0 

8:8; 

0.0, 

8:8; 

O.Q, 

8:8; 

0.0, 

!il! 

8:8; 

D.O, 

l;!i 

m 1 

j;8; 

3.0 « 

8:8; 

2*8* 

8:8 

Q.O 

0.0 , 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

! 

UOt 

0.0, 

0*0 

8:8; 

0.0 , 

0.0, 
0.0, 
0.0 , 

0.0, 

0.0, 

O.Q, 

8:8; 

0*0, 

O.C, 

0.0, 

0.0, 

8:8; 

O.Q, 

0.0, ( 
8:8; 1 

! *n * 

•8* 
} .0 • 

8:8; 

0.0, 

8:8 

0.0 

0.0 , 

0.0, 

0.3, 

0*0, 

Q.O, 

0*0. 

0.0, ( 

).Qt 

0.0, 

0.0 

0.0, 

0.0, 

3.0, 

0.0« 

0.0, 

0.0, 

0*0, 

0.0, 

0.0, 

0*0, 

8:8; 

8:8; I 

1:8; 

0.0. 

0.0, 

u 

0.0, 

0.0, 

0*0, 

0*0, 

D.O, 

0.0, 

0.0, 1 

0.0, 

Q.O, 

Q.Oi 

O.Of 

0.0, 

0.0, 

0*0f 

0.0, 

0.0, 

0.0, 1 

0,0, 

O.Q, 

0.0 


MCDONNELL. DOUGLAS ASTDOMAUTtCS COMfANV m EAST 


'^^^PR?D^TIOIM OF CREEP IN 


NAS-1-11774 


PHASE ill 

^>^METALLIC TPS PANELS SUMMARY REPORT 

EXAMPLE PROBLEM 2 OUTPUT 

ETeup . 0 . 0 , 0 . 0 . 0 . 0 , 0 . 0 , 0 . 0 , o.oj 0 . 0 . o.o, o.o, o.i, 0 . 0 , o.o, o.o. 0 . 0 , 0 . 0 , o.a, o.s, a. a, 

INOGEO = 2, 

INOnO s 1, 

INOLOO = Q, 

INOSUP = Of 
INDPLA * 1, 

INOTFL * 0, 

INOTFO = Ot 


KCYCLF 

INDNOD 

INOELA 

NCYCLE 

NUMCVC 

ITCON 

NT CON 

ECOEFF 

Z 


HAROOP 

TMAK 

INCVC 

ITIME 

lEQNTP 

IINTP 

IDIHEN 

ILOAO 

lEQNSr 

NSTAT 

SEC 

NSECT 

NBSECT 

ZRESIO 

RESSIN 


ESTIFF 

tN002 

INOSTR 

OETMO 

SEND 


* If 

* Ot 

» Of 
= <•* 


= If 

* Of 

* 0.137qE»12f O.Qi 


Of 


G.Of 


0. Of 


-0.2d9U14E»fll, 
0 , 0 , - - ^ 
O.Of 
0,0, 

0 . 0 , 


8:8; E:o’, 


= 0.1E*01, 

s 0,2E»02, 

* i, 

* 0, 

= 0, 

» Ot 

* Of 
« 0, 

= Of 
= 8, 

» 0,15E*0?f 

* 15, 


0, 

0.0 , 
o.c, 
o.c, 
0 . 0 , 
0 . 0 , 
g.o, 
O.Of 


0 . 0 , 

O.Of 

0 . 0 , 

0 . 0 , 

0 . 0 , 

O.Of 


8 : 8 : 

0 . 0 , 

0 . 0 , 

0 . 0 , 

0 . 0 , 

0 . 0 , 

O.Of 

o.e, 

0 . 0 , 

0 . 0 , 

8 : 8 .- 


0 . 0 , 

0.0 


o.o, 0.0, -C.1743E*01, -0 , 66654SE f Q 1 , 

0 . 0 , 0 . 0 , 0 . 0 , 0 . 0 , 0 . 0 , 0 . 0 , 

0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 

0 . 0 , 0 . 0 , O.Of 0 . 0 , g.o, o.o, 

O.Of 0»0f O.Of 0.0, OfOf 0*0, 


3.Q, 

O.D, 

0 . 0 . 

0 . 0 , 

0 . 0 , 

0 . 0 , 

O.fi, 

o.c, 

0 . 0 , 

0 . 0 , 

0.0, 

0 . 0 , 

0 . 0 , 

0 . 0 , 

0 . 0 , 


O.G , 
C.O, 
0 . 0 , 
0 ,Ci 
0 . 0 , 
0 . 0 , 
0 . 0 , 
0 . 0 , 
€.0, 
o.c, 

8 : 8 : 

C.O, 

0 . 0 , 

O.Of 


0 . 0 , 

8 : 8 : 
0 . 0 , 
0.0, 
0.0 , 
C.O, 
Q .0 , 
0.0, 
0.0 , 
0.0, 
0.0, 
0.0, 

8:8: 


0.0 , 
0.0, 
O.G, 
0.0, 
0.0 , 
0.0, 
0. 0, 
0.0, 
0.0 , 
0.0, 

8:8: 

OfO , 

0.0, 

0.0, 


0.0 , 
0 . 0 , 
O.G, 
C.O, 
0,0, 
0.0, 
0.0, 
0.0. 
0.0, 
g.o, 
0.0, 
0.0, 
0.0, 

8:8; 


.0, 

.0, 

•S’ 

.0, 

• 0, 
.0, 


• 0, 
.0, 
.0, 

•S’ 

• 0, 


0.0 


0.0 

8:8 

0,0 

0.0 


8:8: 

0,0, 

0.0, 

0.0, 

0.0, 

C.O, 

o.c, 

o.g, 

0.0, 

0.0, 

0.0, 

0.0, 

0,0, 

**:8; 


O.Of O.Of 
X 0,5078E«00, 
* Of 
» Of 

X 0,0 f 


0.0 , 
0.0, 
0.0, 
o.c, 
0.0, 
0.0, 


0.0, 

0.0, 

0.0, 

0.0. 

o.c, 

0.0, 

9.0, 

0.0, 

OfOf 


0.0, 
0.0, 
O.o , 
0.0, 


0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

8:8; 


D.O, 
0.0, 
0.0 , 
0.0, 
0.0, 
0.0, 
0.0 , 
0.0, 
O.G, 
0.0, 


0.0, 
G.o, 
0.0, 
0.0, 
0.0, 
g.o, 
5.0, 
0.0, 
0.0 • 
g.o, 
0.0, 
O.Q, 


8:8: 

C.O, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0,0, 

0.0, 

0.0, 

C.O, 

0.0, 


0.9 

8:8 

8:8 

8:8 

0.9 

0.0 

0.0 

0.0 

0.0 


O.Of 0.0, 


0.0 
0.0 
0.0 
0 .0 

8:8 

0.0 

0,0 

0.0 

8:8 

0.0 

0.0 

!:l 


0 .9 
0.0 
0 . 0 
0.0 
0.0 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


0.54a92E«00, 0.13igi5EtOi 

.0, 0.0, 0.0, 

0 . 0 , 

O.Of 


0.0 . 

0.0, 

0.0, 


0.0, 

8:8; 


8:8; 

O.Of 


Q«19131E^aQ. a.B, 0.0 
3, 0.0, O.Of D.O, 

i*®* 0.0, O.Of 0.0, 

O.Of 0.0, 0.0, 0.0, 0.0, 


o.n, 

0.0, 


0.0, 

0.0, 

0.0, 

0.9, 

0.0, 


0.0, 

0.0, 

8:8: 


0.0, 

0 . 0 , 

0 . 0 , 

o.c, 

0.0, 

0.0, 

0,0, 

O.Of 

0.0, 


0,0 , 
0.0, 
0.0, 
0.0, 


0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

8:8: 

0.0, 

0.0, 


0.0 

0.0 

C.O 

0.0 

0.0 


-.0, 

0.0, 

0.0, 

O.Of 


0.0 

0.0 

0.0 


0.0, 
0.0, 
0.0, 
o.g a 
0.0 • 
D.O, 

8:8: 

0.0, 

0 . 0 , 

8:8; 

0.0, 

0.0, 


0.0, 
0 .0, 
0.0, 
0.0, 
0.0, 
0.0, 

8:8; 

0.0, 

0.0, 

0.0, 

0 . 0 , 

g.o, 

0.0, 


8:8; 

0.0, 

0 . 0 , 

8 : 8 ; 

0.0, 

0.0, 

8:8; 

8:8: 


8:8 

O.g 

g.o 

0.0 

0.0 


0.0 

0.0 


0.0 

0.0 

0.0 

0.0 

0.0 


1.0 

0.0 

o.g 

g.o 

0.0 

0.0 

0,0 

0.0 


0.0 

0.0 


0.0 

0.0 

0.0 

0.0 


0.0 


o.g 

0.0 

0.0 

0.0 

0.0 

0.0 

g.o 

o.g 

0.0 

0.0 

0.0 

0.0 


g.o 

0.0 

8:8 

0.0 

0.0 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

8:8 


0.0 

8:8 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


0.0 

0.0 

G.o 

0.0 

0*0 

0.0 

c.g 

0,0 


0.0 

0.0 


0.0 

D.O 

0.0 

0.0 

0.0 

0.0 

l-.t 

li! 


0.0 

0.0 

8:8 

O.Q 

0.0 

.0 

•s 

. .0 

0.0 


0.0 

0.0 


0.0 

0.0 

8:8 

0,0 

.0 

.0 

.,0 

0.0 

8:8 


0.0 

0.0 

o.g 

0.0 

0.0 

0,0 

0.0 


0.0 


B-74 


/VfCOOA/ZVC'i.JL iyOUGLA^ - EAST 



"^^PREDICTION OF CREEP IN 
METALLIC TPS PANELS 


PHASE III 

SUMMARY REPORT 


NAS-1 


EXAMPLE PROBLEM 2 OUTPUT 

ElSsriC STRESsts^A? X= 2,856 


trajectorv time step 1 

AREAISO.CM) Y<CM> 


4 

5 

6 
1 
8 
9 

10 

11 

12 

13 

14 

15 

18 


4.12574E-01 
6, 0 3362F-02 
6.0338?E-32 
6,035B?E-02 
6.D3332E-02 
6.Q13fl2E-02 
6.031b!?E-02 
6,03332E-I)2 
6. Q 3 JB2E“02 
6.03382E-02 
6. 033B2E-02 
6.033fl?E-02 
6.0 3382E-02 
i,49435E-Ql 
3. 2??riE-01 
i.633?0E-Ql 
1.633P3E-01 
1.63320E-OI 
1.63320E-01 
1.63320E-01 


6. 99999E-03 

3. 69499F-01 
5. 39699E-01 
6.8qft99E-0l 
8.40C93E-01 
9.9029BE-01 
1. 14050E+00 
1. 29C70FfD0 
1. 440906^00 
1.59113E>00 
1.74130E»00 
1. 8234CE+Q9 
I.64120E*00 
1.78820Ef00 
l.69826E*00 
1.63023FtO0 
1. 58460E*00 
1. 56170E400 


stresscmpai 

r.l6047E-01 

6.66271E-01 

5.75206E-01 

4.84141E-01 

3.93077E-01 

3.02012E-01 

2.10948E-01 

1.198B3E-IU 

2.8B184E-02 

-6.22462E-02 

-1.53311E-01 

-2.44375E-01 

-3.3544QE-01 

-3.63879E-01 

•3.093466-01 

-2.68099E-01 

-2.40435E-01 

-2.26552E-01 


TRAJECTORY TIME STEP 2 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

16 

ll 


AREA (SO.CH) 

4.12574E-01 
6.0 3182E-02 
6. D3 J0?F-O2 
6. 0 3302E-O2 
6. 0 33B2E-02 
6.033B2E-02 
6.03382E-02 
6.0 3 J82E-02 
6.0 3382E-02 
6.D33P2E-02 
6.03382F-02 
6.03182E-02 
6.03382E-02 
1.49435E-01 
3.22271E-01 
1.63320E-01 
1.63320E-01 
1.63120E-01 

I’jmstst 


Y (CHI 

6.99999F-03 
6.90998E-02 
2, 39300E-gi 
3.«94g9F-01 
5.396906-01 
6. 89fl99E-Cl 
8.40C98F-01 
9.90298E-01 
1. 14C5CEfO0 
1. 2907CE+QO 
1.4409:E*00 
1.59110EtQO 
1.74130E+00 
1.8234CE»00 
1.8412CE+Q0 
1.78a20E^0O 
1.69826E^00 
1.63023E4>QO 
1. !846Q£^r 
1.56170E^C 


STRESS(MPA> 

7.160476-01 
6.66271E-01 
5.752066-01 
4.841416-01 
3.93077E-01 
3.02C126-01 
2.109486-01 
1.198836-01 
2.881846-02 
-6.224626-02 
-1.533116-01 
-2.443756-01 
-3.354406-01 
-3.852166-01 
-3.960086-01 
-3.63879E-01 
-3. 093466*01 
-2.680996-01 
-2.4Q4356-01 
-2.26552E-Q1 


trajectory time STEP 3 

AREA(SO.CM) Y(CM> 


3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

il 


4.12574F-01 
6.03J82E-02 
6.03382E-02 
6.03382E-02 
6.0 3382E-02 
6.0 3 38 2E -0 2 
6.0 3182E-02 
6.03382E-02 
6.Q3382E-02 
6.0 3382E-02 
6. 03382E-02 
6.0 3382F-Q2 
6. 03382E-02 
1.49435E-01 
3.22?71E-01 
1.63320F-01 
1.63J23E-01 
l. 633?')E-01 
1.63320E-01 
1.63320E-01 


6.99999E-03 
8.90998E-02 
2.393036-01 
3.89499F-01 
5.39699F-01 
6.89899E-01 
8.40098F-01- 
9.90298E-01 
1. 140506* 00 
1. 29C7QE*00 
1.440906*00 
1.59inE*00 
1. 741306*00 
1. 823406*00 
1.841206*00 
1.788206*00 


698266*00 
630236*00 
• 684606*00 
.561706*00 


STRESS (MPA) 

1.563406*00 
1.454726*00 
1.255896*00 
1.057066*00 
8. 582356-01 
6.59406E-01 
4.605786-01 
2.617506-01 
6.292146-02 
-1.35907F-Q1 
-3.347356-01 
-5.335646-01 
-7.323926-01 
-8.410736-01 
-8.646356-01 
-7.944656-01 
-6.754196-01 
-5.853616-01 
-5.249596-01 
-4.946496-01 


trajectory time STEP 4 


4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


area ('5Q.CM) 

4, 125746-01 
6. 033826-02 
6. C3382E-02 
6.013826-02 

6.033826- 02 
e.G 3 1826-02 
6.0 31826-02 
6.C3182E-02 

6.033826- 02 
6,0 3382F-Q2 
6. 031826-02 
6,033826-02 
6. 031826-02 
1.494356-01 
3,22?716-01 
1.631206-01 
1.633206-01 
1.63320E-01 
1.631206-01 
1.63320E-01 


B-75 


Y(CM| 

6,999996-03 
8.909986-02 
2, 393006-01 
3. 894996-01 
5.396996-01 
6.898996-01 
8,400986-01 
9.902986-01 
1. 14C5CE*00 
1.290706*00 
1.440906*00 
1.591106*00 
1.741306*00 
1.823406*00 
1.841?0E*09 
1.788206*00 
1.698266*00 
1.630236*00 
1.584606*00 
1.561706*00 


STRESS(MPA) 

2.344636*00 
2,181646*00 
1.883466*0$ 
1.585286*00 
1.287096*00 
9.089116-01 
6,907286-01 
3. 925466-01 
9.436316-02 
2,038196-01 
5.020026-01 
8.001846-01 
1.098376*00 
1. 261356*00 
1.296696*00 
1.191496*00 
1.012936*00 
8,778656-01 
7.872806-01 
7,418246-01 


-11774 


/VrO£>07V/VC£.I- DOUGL.AS CS - EAST 


^^PREDICTION OF CREEP IN 
METALLIC TPS PANELS 


PHASE III 

SUMMARY REPORT 


NAS-1 


EXAMPLE PROBLEM 2 OUTPUT 

TRAJECTORY TIME STEP 5 


AREA (SO, CHI 

^•♦1257(«E-01 
6.Q3Tfl2E-02 
6.O3T02E-O2 
6,Q3T02E-O2 
6.03382E-02 
6.033ft2E-02 
6«033S2E*d2 
6.0 33A2E-02 
6,033fl?E-02 

6.03I82E-02 

6,033ft2E-02 

1.49435E-01 

3.22271E-fll 

1.6332QE-01 

1.63320e-0l 

i.63320E-01 

1.63320E-Q1 

1.63320f*dl 


Y(CM) 

6.999996-03 
8.90996E-02 
2.39300E-01 
3*fl9499E-01 
5.39699E-0t 
6.89899E-01 
8*40099E-01 
9.90298E-01 
1, 14C^CE MO 
1.29C7DE+g0 
1.44O90EM0 

hnmm 

1.9Z34(]E + Da 
1.84120E^00 
1.788?OE*00 
l.69fl26E^a0 
1.63023E»00 
1.6046QEtOO 
l.66170E^0a 


STRESS (MPAI 

1. 563406^00 
1.45472E+00 
1.25589Ef0Q 
1.0S706E409 
a*58235€«01 

imnm 

-6.41073E-01 

-8.64635E-0i 

-7.94485E-01 

-6.75419E-01 

-5.85361E-01 

•5.249591-01 

•l».94649i-ii 


Ei5(§?fc 


5.712 


1 

4.1 2574E-01 

1 

6.033826-02 

3 

6.03382E-02 

4 

6.033826-02 

5 

6. 0 3382E-02 

1 

6.0 3 382E-02 

7 

6.03382E-02 

8 

6.03 J82E-02 

9 

6. C 3 (82E-02 

10 

6.93382E-02 

ii 

6.0 3382E-D2 

12 

6.03382E-02 

13 

6.03382E-02 

14 

1.49435E-01 

15 

3. 22271E-01 

16 

1.63320E-01 

17 

1.63329E-Q1 

16 

1.63323E-01 

i3 

1.63323E-01 

20 

1.63320E-01 


TRAJECTORY 


1 

2 

3 

4 

5 

6 

7 

8 
9 

ID 

ii 

13 

16 

17 

18 

19 

20 


3 

4 

5 

6 
7 
6 
9 

10 

11 

12 

n 

14 

15 

16 

ll 

I? 


TRAJECTORY TIME STEP 1 
AREA(SO.CM) Y(CM) 


6.9gg99E-03 
8.9099SE-02 
2. 3S30CE-01 
3^ 89499E-DI 
5.39699E-01 
6.89699E-01 
8.40C98E-01 
9.9029flE-01 
1. 14050EMO 
i.29C7gr*fl0 
1.44C9CE»5 o 
1.591l0E>0a 
1.74130EMO 
1.32340EM0 
1. 64120Ef0O 
1.7S820E*00 
1.69826EM0 
1.63023E+00 
1. 58460Ef 00 
1.5617DEM0 


Y (CM) 

6.99999E-03 
8.9C998E-02 
2. 393036-01 
3.894996-01 
5.39f 91E-01 
6.898996-01 
8 . 4 0 G 9 8 E - 0 I 
9. 902^8F-0l 
1. i4C5CEf DO 
1. 2907CEM3 
1.44G90E+0Q 
l.SgilOE^DO 
1.7413CrM!J 
1.8234DEM0 
1.84120^00 
1.76e20E+00 
1.69826£fD0 
1.63C23E*Q0 
i.e8460E«00 
1.56170E*P0 


AREA ISC. CHI 

4,l297i*E-01 
6. 0 3 38PE-02 
6.0 3882E-02 
6.03382E-02 
6,0338?E-02 
6.03382E-02 
6. 03 (fl2^-02 
6. 03i82E-02 
6.D3382E-02 
6.03382E-O2 
6. 03382E-02 
6.033A2E-02 
6.03362E-02 
1.49435E-C1 
3.22271E-01 
1.63320E-01 
1.6332CE-01 
1.63320E-01 
1.63320E-01 
I.63320E-01 


TRAJECTORY TIME STEP 3 


AREA(SO,CM> 

^1^33821-82 
6.0 3382E-02 
6.C3382E-02 
6. 0 3382E-0? 
6. 03382E-02 
6.C3J82E-C2 
6.03332E-32 

tiUVdlzU 

6.03382E-02 
6. 0 3382E-32 
6. 03382E-02 
1.49435E-01 
3.22271E-01 
1,633206-01 
1.63320E-01 
1.63320E-01 
1.63323E-01 
1.6332flE-01 


B-76 


Y(CM) 

6.999996-03 
8. 90998E-02 
2.39300E-01 
3.89499E-01 
5. 396996-01 
6. 89899E-01 
8.40G98E-01 
9.90298E-01 

1.4409CEMO 
1.5911QEM0 
1.74l30F^00 
1.82340EM0 
1.84120EM0 
1.78820EM0 
1.6O326Ef00 
1.63023EMO 
1. 58460E+00 
1.56170Ef00 


STRESSIHPAI 

2.00955£»D0 

1.86986EM0 

1.61429EM0 

1.35872EM0 

1.10315£>C0 

tVzini:n 

3.36446E-01 
B.08774F-02 
-1. 7469lE-ai 
-4.30259E-D1 
-6.85828E-01 
-9.41396E-01 
-1.00109E*00 

:i:hnnnn 

-B.68165E-Q1 

-7.52407F-D1 

-6.74768t-01 

-6.35808E-01 


STRESS (MPA) 

2.0O955Ei00 
1.86986EM0 
1.61429E+C0 
1.35872EM0 
1.103tSE*D0 
8.475B3E-01 
5.920146-01 
3.36446E-01 
8.08774E-02 
-1.74691E-01 
-4.30259E-01 
-6. 85828E-01 
-9.41396E-01 
-1.08109E*aO 
-1.11138E*00 
-1.02121Et00 
-8.68165E-01 
-7.52407E-01 
-6.747606-01 
-6.35808E-01 


STRESS (MPA) 

4.38761E*g0 

4.O8260Ef00 

3.52460EMO 

2.9666QEM0 

2.4Q859EM5 

1.8M59EM0 
t.29259E4-0fl 
7.34588E-01 
1.76586F-J1 
3.81416E-01 
9.39419E-fll 
1.49742EM0 
2. g5542E+00 
2.36Q43E+Q0 
2.42656E»C0 
2.22968Ef00 
1.89553EM0 
I.64279E^00 
1.47327E«00 
1.3882lEfOO 


-11774 


I 

1 

f 


n€>UGUAS >«5T'#70A/^CyT'fO$ - SA9T 



^f^PREDICTION OF CREEP IN 
VIETALLIC TPS PANELS 


PHASE III 

SUMMARY REPORT 


NAS-1 


EXAMPLE PROBLEM 2 OUTPUT 

TRAJECTORY TIME STEP 4 

AREA(SO.CM) YCCM) 

6,99999E-03 
8,9oqo«^r.Q2 
2 . 3 9 T 0 0 E - Q 1 
3.fl9499E-01 
5.39699E-dt 
6. 89ft99E-ai 
8.4CD9BE-01 
9.9029flE-01 
1. 14050E*QI? 
!• <qa?CE*00 
1.44C90E+00 
1,59110E*Q0 
1,74130E^50 
i.8234:FfOO 
l.fl412Cf ^00 

i.reeeoE+oo 
l.69926E+03 
1.63023000 
1.58460000 
1.56170E^00 


1 

4. 125746-01 

2 

6.03382E-02 

3 

6. 033026-02 

4 

6.O3302E-O2 

5 

6.O3302E-O2 

6 

6.033026-02 

7 

6.O3302E-O2 

0 

6. 0 3 382E-02 

9 

6.O3302E-O2 

10 

6.O3302E-O2 

11 

6. 0 3302E-O2 

12 

6.O3302E-O2 

13 

6. 033026-02 


1.49435E-01 

15 

3.2Z271E-01 

16 

1.63320E-01 

17 

1.53320E-01 

18 

1.63320E-Q1 

19 

1.63J23E-01 

20 

1.6332CE-01 


STRESS (MPA) 
6.58009E^00 

4.44900E»00 

3.61216E»0Q 

2.77533E»00 

1.93049E^OO 

1.10l66EfOO 

2.64825E-01 

-5.72009001 

-1.40084000 

-2.24568E^0C 

-3.08251E»00 

-3.53993E»0Q 

-3.63910E*Ho 

-3.34385E+00 

-2.04273E+OO 

-2.46369EfOO 

-2.20946Et00 

-2.06169E^00 


TRAJECTORY TIME STEP 5 
AREA(SO.CM) Y(CH) 


n 

14 

15 

18 

19 

20 


4. 12574E-01 
6.O3302E-O2 
6.O3302E-O2 
6.O3302E-O2 
6.O3302E-O2 
6.0 3382E-02 
6.03382E-Q2 

6.Q3302E-O2 

6.53302E-O2 

6.O3302E-Q2 

6.O3J02E-O2 

1.49435E-01 

3.22271E-01 

1.63320E-01 

1.63320E-01 

1.63320E-01 


6.99999E-03 
8.90998E-02 
2.39303F-01 
3.09499001 
5.39699E-01 
6. 09699E-O1 
8.40096E-0 

1. 29070000 
1.44090000 

1,0234OE^OO 

l.8412CE»00 

1.63023E«00 
1. 5846CE«00 
1.56170E»00 


STRESS IHPA) 

4.38761E«00 

4.00260000 

2*4O059E^OO 

i.850S9E^OO 

i*29259E«00 

f:?gf8gf:81 

-3.01416E-gi 

-9.39419E-01 

-2. 36043E<^00 
-Z.42656E+00 

:!:iailSi:88 

-l.64279E^0D 

-1.47327E^05 

-l«38S2iE^OO 


Elimc X. 


8.569 


trajectory time STEP 1 


8 

9 

10 

11 

12 

13 

14 

\l 

17 

il 

20 


AREA ISO. CM) 

4.12574E-01 
6.Q3J02E-32 
6.03J82E-02 
6. O3!02E-O2 
6.O3502E-32 
6. O3302E-O2 
6.O3302E-O2 
6.O3302E-O2 
6.O3302E-O2 
6.O3302E-O2 
6.C 3302E-O2 
6.O3302E-O2 
6.O3302E-O2 
1.49435E-01 
3.22>71E-0l 
1.63320E-01 
1.63320E-31 
1.63320E-01 
1.63320E-01 
1.63320E-01 


Y (CM) 

6.9999<»E-03 
8, 90998E-02 
2.39300E-01 
3. 09499E-O1 
5. 39699E-01 
6, 89099E-QI 
6.4OG90E-O1 
9.9O290E-O1 
1. 1405CE + 03 
1. 29070Etfj3 
l«44C9CEf 00 
1. 59113EfOO 
1.74i30EfQ0 
i.0234DE»QO 
1.0412OEtOO 
1.78fi20E^00 
1.69826E+00 
1.63023E»00 
i.58460F*00 
i.56l70E»00 


STRESS(MPA) 

3.1l827Ef00 
2.90150E»0g 
I.50493OQ0 
2.1083eE»00 
1.7ll79Effl0 
1.3152ie*gO 
9.186436-01 
5. 22071001 
1.25499E-01 
-2.71072E-01 
-6. 676446-01 
-l.06422£t00 
-1.4607gE*QD 
-l.67755E^00 
-1. 724556^00 
•1.58463E^OO 
-1.34715E>00 
-1.16753000 
-1.04705000 
-9.865996-01 


TRAJECTORY TIME STEP 2 


1 

2 

3 

6 

7 

a 

9 

10 

11 

12 

1) 

14 

15 

it 

18 

19 

20 


AREA Cio.CM) 

4.12574E-01 
6, O3302E-O2 
6.0 3 )fl?E-02 
6.O3302E-O2 
6.C3502E-O2 
OO 3382E-02 
6,03Ift?E-02 
6.O3302E-O2 
6.O3J02E-O2 
6.03382E-02 
6.O3102F.O2 
6.03382E-02 

6.O3302E-O2 

1.49435E-01 

3.22271E-01 

1.63i20E-0l 

1.63320E-01 

1.63320E-01 

1.63320E-01 

1.63320C-Q1 


YICM) 

6.99999F-Q3 

8. 909986-02 
2. 393COF-01 
3. 094996-01 
5.39E99E-01 
6.890996-01 

0. 4QO98F-O1 

9. 902906-Cl 

1. 14050EfQG 
1. 29070E^00 
1.44C90F *00 
1.59110Ef00 
1.74130E^00 
1. B2340E+00 
i.84120E^00 
1.7802OE+OO 
1.69026E*OO 
1.63C23F4>00 
1. 58460E+00 
1*56170E«00 


STRESS(MPA) 

3.11827Ef00 
2.90150E*00 
2.50493053 
2.10836000 
l.711796fOO 
1.31521O00 
9.18643E-01 
5. 220716-01 
1.25499E-01 
-2.710726-01 
-6.676446-pi 
-1.06422EfOO 
-1.46g79E^Q0 
-1.67755E>00 


i\ 


♦724556+00 
• 58463E400 
.34715E*? 


-1.16753E*00 

-i*04705E^go 

-9*86599£*01 


B-77 
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/VfOOOA^A/CI-l. D0C/04LAS A9Tff€>^AUTiCS C€>Mr»ANV « EAST 


^^PREDICTION OF CREEP IN 
\>>>^ METALLIC TPS PANELS 


PHASE III 

SUMMARY REPORT 


NAS-1 


EXAMPLE PROBLEM 2 OUTPUT 

lOAJFCTORr TINE STEP 3 


5 

9 

10 

11 

12 

13 

14 

15 

16 
IT 
18 

19 

20 


APEA (50. CHI 

4.12574F-D1 
b.033A2E-02 
6. C33fl2E-02 
6.0 33fl?E-D2 
6.C33«?E-02 
6.033G2E-02 
6.03382E-02 
6.C3382E-02 
6. C3382E-02 
6.03382E-02 
6. 0 3382E-02 
6.03382E-02 
6, 0 338?f-02 
1.49435E-01 
3. 22?71E-01 
1.63323E-01 
1.63320E-01 
1.635206-01 
1.63320E-01 
1.63320E-01 


Y(CM> 

l:rai:8? 

2.39300E-01 
3.894596-01 
5.39699F-01 
6.89899E-01 
8.400986-01 
9.902986-01 
1. 14C506 + 00 
1. 29C7QE + 00 
1. 440906^00 
1.5911C6+00 
1. 7413CF^0D 
1. 8234CE»D3 
1.841206^00 
1.78820E»00 
l.69826E>00 
1.630236^00 
1.584606^00 
1.5617QE+00 


STRESS(HPA) 

6.8C836E«00 
6.33507Et00 
5.469216^Q0 
4.60334Etll0 
3. 737476^00 
2.071616^00 
2.005746^00 
1.13908E4OO 
2.740136-01 
-5.910536-01 
-1.457726^00 
-2.323586^00 
-3.18945E400 
-3.662746f0! 
-3.765356^00 
-3.45905E»OO 
-2.94134E»00 
-2.549156*Q0 
-2.2861l6f00 
-2.15412E^00 


4 

5 

8 

1? 

n 

13 

14 

n 

17 

Is 


TRAJFCT09Y TIME STEP 4 
AREA (50.CMI V (CMI 


4,125746-01 
6.0TT8?E-02 
6. 033826-02 
6.033826-02 
6.033826-02 
6.C33826-02 

6.0 3 3 826-02 
6.0338’6-02 

6.0 3 3 826-02 
6.03382E-D2 
6.033826-02 
6.033826-02 
6.035826-02 
1.494356-01 
3,222^6-01 
1.63320E-01 
1.633206-01 
1.633256-01 

1.633206- 01 

1.633206- 31 


6.999996-03 
8.909986-02 
2, 393006-01 
3.894996-01 
5.396996-01 
6.898996-01 
8. 40C98E-01 
9,902g8E-01 
1 . 140506 + 00 
1. 29g70E»QO 
1.440906+00 
1.591106+00 
1. 741306+00 
1. 823406 + 30 
1. 0412OE+CO 
1. 78820F+0Q 
1.698266+00 
l,63C236+0g 
1.584606+00 
1.561706+00 


STRESS(MPAI 

1.021D5E+01 
9.500&OF+D0 
0.2C2166+QO 
6.903626+00 
5.605086+00 
4, 306556+00 
3. 000016+00 
1.709476+00 
4,109366-01 
-B.sHciE-fll 
-2.186146+00 
-3.484676+00 
-4.783216+00 
-5. 493006 + 00 


-5 


5,646886+00 

".188746+00 


-4,411136+00 


-3 


3.822966+00 

.4’946E+00 


3.2)0536+00 


TRAJECTORY TIME STEP 5 
AREA(SO.CH) Y(CH) 


10 

11 

12 

13 

14 

15 

18 

I? 


4, 125746-01 
6. 033826-02 
6. 033826-02 
6.03382E-52 
6. 03382E-02 
6. 033826-02 
6.33382E-0Z 

6.C33a2E-02 
6.0 3382E-02 
' “38’£-02 
3026-02 
1.494356-01 
3.222716-01 

1.633206- 01 

1.633206- 01 

1.633206- 01 
1. 633206-01 
1.63320E-01 




6.999996-03 
8.909906-02 
2. 093006-01 
3. 694996-01 
5.396996-01 
6.09059.:-Ol 
^ *0906-01 


8.400^ 


?:ie8§3l;8J 

1. 290 706 + 00 
1.44090E+00 
1.591106+00 
1.7413C6+00 
1.823406+00 
l,a4120E+00 
1.706206+00 
1,690266+00 
i. 630236 + 00 
1.584606+00 
1.561706+00 


STRESS (MPA) 

6.808366+00 
6.335076+00 
5.469216+00 
4. 603346+00 
3. 737476+00 
2.87161E+00 
2.00574E+00 

-2.323586+00 
-3.189456+00 
-3.662746+00 
-3.765356+00 
-3,459856+00 
-2.941346+00 
-2. 549156+00 
-2. 286116+00 
-2.1S412E+00 


CAS6 


I ANALYSIS 

ELASTIC stresses AT X= 11.425 


TRAJECTORY TIME STEP 1 
APEA(SO.CM| V(CH) 


4 

5 

? 

8 

9 

n 

12 

]3 

14 

n 

17 

n 

20 


4.12574E-01 
6.03382E-02 
6.03I82E-02 
6.033826-02 
6.033826-02 
6.D3382E-02 
6. O3J026-Q2 
6.0 33826-02 
6.033026-02 
6.033826-02 

6.033826- 02 
6.033026-02 

6.033826- 02 
1.494356-01 
3.22271E-01 

1.633236- 01 

1.633236- 01 
1,633206-01 

1.633236- 01 
1,631206-01 


B-78 


6.999996-03 
8.909906-02 
2.393006-01 
3.094996-01 
5, 396996-01 
6.890996-01 
8.400906-01 
9.902986-01 
1, 140506 + 00 
1.290706+00 
1. 4409CE+00 
1. 591106+00 
1. 741306+00 
1.023406+00 
1.041206+00 
1.78P206+00 
1.698266+00 
1.630236+00 
1.584606+00 
1.561706+00 


STRESS(MPA) 

4.042206+00 
3.761206+00 
3.247136+00 
2.733066*00 
2, 218986+00 
1. 704916+00 
1.190036+00 
6.767596-01 
1,626046-01 

-1.379546+00 

-1,093616+00 

•2.174616+00 

-2.235536+00 

-2.054166+00 

•1,746316+00 


-11774 


yi^COO/VAffI.1. OOL/OIL^S A9T9i€>^j^€JirgCS * CAST 



^^PREDICTION OF CREEP IN 
METALLIC TPS PANELS 


PHASE III 

SUMMARY REPORT 


NAS-1 


EXAMPLE PROBLEM 2 OUTPUT 


trajectory tine step 2 


J 

AR6A (SO. CM) 

Y(CM) 

STRESS CHPA) 

1 

4.125746-01 

6. 999996-03 

4.042206400 

2 

6.033826-02 

8. 909986-02 

3.761206400 

3 

6.Q 3382E-02 

2. 393Q36-01 

3.247136400 


6.033826-02 

3.894996-01 

2.733066480 

5 

6.0 3382E-02 

5.396996-01 

2.218986400 

6 

6.0 33826-02 

6.898996-01 

1.704916400 

7 

6.0 3182E-02 

8. 400986-01 

1. 190836430 

8 

6,033626-02 

9. 902986-01 
1. 140506403 

6.7&7$96-01 

9 

6.03382E-02 

1, 626846-31 

IQ 

6.C3382E-02 

1. 29Q7QE400 

-3, 513906-01 
-6. 654646-01 

11 

6.03382E-02 

1.4409064CQ 

12 

6.03382E-02 

1.591106400 

-1.379546400 

13 

6.03382E-02 

1.741306400 

-1.893616400 

14 

1.49435E-Q1 

1,823406400 

-2.174616400 

15 

3.22271E-C1 

1. 84120E400 

-2.235536400 


1.63320E-01 

1.768206400 

-2.054166400 

17 

1.63320E-01 

1.696266400 

-1.746316400 

18 

1.633206-01 

1.630236400 

-1.513466400 

i? 

1,633206-01 

1.584606400 

-1.3572964dg 

-L27892E4Qi 

20 

1.63320E-01 
trajectory time 

1.561706400 
STEP 3 


AREA (SQ.CM) 

Y(CH) 

STRESS (MPA) 


\ 

3 

4 

5 

6 

\ 

11 

12 

13 

14 

15 

16 

il 




4* _ 

6.033A2E- 
6.0 33A2E-02 
6.03382£-02 
6.[mB2e.02 
6.C33A2E-02 
6.03382e-02 
6.03382e-02 
6.Q33fl?E-g2 
6,033fl2E-02 
6.03382E-02 
6.033B2E-02 
6.033fl2E-02 
1.49435E-01 
3.22271E-01 
1.63320E-01 
1.63320E-01 
1.63320E-01 
1.63320E-01 
1.63320E-01 


6.59999F-i)1 
8.9099flE-02 
2.39300E-C1 
3.fl9499E-01 
5.39699F-01 
6.89899E-01 
6.4009AE-01 
9.9029aE-Ql 
1. 14050E<^00 
1. 29070E*00 
1.44090EfQ0 
1.5gliCE^00 
1.74130E^0g 
1.8234gE^O0 
l.a41?QE»00 
1.7de20E*00 


1.56170E400 


limniin 

7,0B971EfD0 
5.96729E^0g 
4»B44B7E«0Q 
3.72246E4Q0 
2.60004E*QQ 
1.47762E^QQ 
3.55201E-fll 
-7.67217E-QI 
-1.6B964Ef(iO 
-3.01205E^OQ 
-4.13447E>flfl 
-4. H799E*00 
-4.aBlDl€400 
-4.4B500E^OO 
-3.«1285E*00 
-3.30446Ef0i 
-2.9634BEf00 
-2.79237£t00 


TRAJECTORY TIME STEP 4 


\ 

AREA (SO. CM) 

Y(CM) 

STRESS (HP 

1 

4.125746-01 

e.og'^ggE-oi 

1.323586*01 

2 

6.033026-02 

8.909986-02 

1.231576»0l 

3 

6.033826-02 

2.393C06-01 

1.063246401 

4 

6.03^826-02 

3.894996-01 

8. 549146*00 

5 

6.0 33826-02 

5.39699E-01 

7.^65856*00 

6 

6.033826-02 

6. 898996-01 

5.582566*00 

7 

6.031826-02 

6.400986-01 

3.099276*00 

6 

6. 0 13826-02 

9.902986-01 

2.215986*00 

9 

6. 0 33826-02 

1. 14050Et0O 

5. 326956-01 

10 

6.0 33826-02 

1. 290706*00 

-1.150595400 

11 

6.033826-02 

1.440906400 

-2.633886400 

:2 

6.033826-02 

1.591106400 

-4.517176*00 

13 

6.033826-02 

1.741306*00 

-6.200466*00 


1.494356-01 

1,8234:F*00 

-7. l2Q556*(iC 

15 

3.222716-01 

1.841206400 

-7.320046*00 

16 

1.633206-01 

1.7082O6*OO 

-6.726146*00 

17 

1.633206-01 

1,698266*03 

-5.716136*00 

18 

1.633206-gi 

1.630236*00 

-4.955696400 

19 

1.633206-01 

1. 584606400 

-4.444326400 

20 

1.633206-01 

1.561706400 

-4.167726*00 


trajectory time step 5 


10 

u 

H 

14 

15 

17 

IB 

19 

20 


AREA(90,CM) 

4.12574E-01 

6.D3382E-02 

6.033B2E-02 

6.033B2E-02 

6.033B2E-O2 

6.033d2E-02 

6.03362E-02 

6.03382^-02 
6.03382^-02 
6.03382E-02 
6.033826-02 
1.49435E-01 
3.22271E-01 
1. 633206-01 

1.633206- 01 

1.633206- 01 

1.633206- 01 
1.63320E-01 


B-79 


V(CH) 

6.99999E-03 
6.909986-02 
2. 393006-01 
3.89499E-01 
5.39699E-01 
6.89899E-01 
A.4009ft£-01 

1.2907CE*00 
1. 44090E*00 

1:12^81:88 

1.8234CE+00 

1.841206^00 

1.7882(J6»00 

l.69826E^00 

1.63023E«Q0 

1.5B460E*00 

1«56170E^00 


stresschpai 


B.82565E400 
8.21213E»0' 
“.0897lE^C 

• 96 ^ 25 - - 


}04E«io 


7.0897ie^C 
5.96729E^00 
4.844876>00 

I 

-3.01205Ef0g 
-4.13447E+00 
-4. 7479964^00 
-4.88l01E^00 
-4.48S00E^g5 
-3.61285E400 
-3.3Q446|400 
-2.96348E^00 
-2«79237E^00 


-11774 


/I5000/VA/CI.I. DOUGL.A.S A9Tf9G^A9Jy‘9CS OOM#*A/VV • IE AST 


^^PREDICTION OF CREEP IN 
METALLIC TPS PANELS 


PHASE III 

SUMMARY REPORT 


NAS-1 


EXAMPLE PROBLEM 2 OUTPUT 

ElSstIC STRESSES^A? X= 


trajectory time step I 

AREAiSO.CMl Y(CH) 


8 

9 

10 

U 

12 

13 

15 

16 

17 

18 

19 

20 


i*, 1257<4£-01 
6p 03382E-O2 
§• 0 3 387E-02 
6*0 3 JB2E-02 

5. C 33B2E-02 
6*03!B2E-O2 
6.0 3 30 2E-O2 
6.033R2E-02 

6. C33B2E-02 
6.0 3 3 B2F-02 
6.03382E-02 
6.031B2E-02 
6.03Ja2E-02 
1.49i*35E-0l 
3.22,’71E-01 
1.6?^20E-01 
1.63320E-01 
1.63320E-01 
1.63320E-Q1 
1.63320E-01 


6.99999E-D3 
e.90996r-C2 
2. 39300E-01 
3.89tf99F-01 
5.39699E-01 
6.fl989'^E-01 
8.9OC90E-gi 
9.9Q29BE-01 
1. 14053E + 0D 
1.29Q7QEfQ0 
l.^UOqOE ♦00 
1.59ll0F>00 
1. 7qi30E+O0 
1.2234CEfg0 
1.B4120E+00 
1. 7882CF+00 
l,69fl26E+00 
1.630?3E^OO 
1. 5a460E*QQ 
i.5617aEi05 


STRESS<MPAI 

«i.78135Ef00 
4.44897F*0fl 
3.84089E^0e 
3.232BIE^00 
2.62474Ef00 
2.01666E*Dg 
1.40855E^SO 
6.00509E-01 
1.92432E-D1 
-4.15644E-01 
-1.02372E*00 
-1.63180E+0Q 
-2.23987E+00 
-2. 57225E+00 
-2.64431E+00 
-2.42977E+0Q 
-2.06563E+00 
-1.7gu2i£»gg 
-1.60548£»00 
-1.5127tE^fl0 


TRAJECTORY TIME STEP 


5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

\% 


AREA (SQ.CM) 

4,1 2574E-01 
6.033B2E-D2 
6.03T87E-02 
6.0338PE-02 
6.03367E-02 
6.03Ta?E-02 
6.0 3302E-O2 
6, 03182E-02 
6,03ffl?E-02 
6.P3382E-02 
6.Q3T6?F-02 
6.O3302E-O2 
6.03382E-02 
1.49435F-01 
3.22271E-01 
1.63320E-01 
1.63320E-01 
1.63320E-01 

iiiumzn 


Y<CM) 


6, 9999<5F-a3 
8.90999E-02 
2. 39300E-01 
3. 89499E-01 
5.39F99E-01 
6. 89fi99E-01 
8,4giJ9aF-fl I 
9. 9029flE-0t 
1. 14C5QE + 00 
1, 29070E + QQ 
l,44090E+00 
1. FSnOEfOO 
1.7413CF^00 
l.a2340E^00 
1.84120E^00 
1.7ee20E+00 
1.69826€^00 
1.63023E^O0 
1. E8460EtOQ 
1.56170E^00 


STRESS (MPA) 

4.7fli35E^0O 

4.44897E^0Q 

5:n?S?^:88 

2.62474Ef00 
2.0l66EF^Qg 
1. 40859E ♦00 
8.00509E-01 
1.92432E-01 
-4.15644E-01 
-1.02372E^05 
-1.63180E4'00 
-2.23967E+00 
-2.57225E+00 
►2.64431E “ 


-2.42977£f0- 

-2.06563E^00 

-1.79D21E400 

:hlil«l:88 


3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 
17 

n 

20 


TRAJECTORY TIME STEP 3 
AREA (SQ.CM) Y (CM) 


6.C3382E-02 

6.C3382E-02 

6.033ft?E-02 

6.0 3382E-02 

6.0 3382E-02 
6,033ft?E-02 
6, 03382E-02 
6.03382E-02 
6.03382E-02 
6.033R2E-02 
6.C3382E-Q2 
1.4q435E-0l 
3.22271E-01 
1.63320E-01 
1.6332QE-01 
1.63320E-01 
1.63320E-01 
1.6332DE-01 


I:????? 


99F-03 
5BE-02 
2. 393DOE-01 
3.89499E-01 
5.39699E-01 
6. 89P99E-01 
8.40C98E-01 
9.90298E-01 
1. 14050E^03 
1.29070E^gO 
1. 44Q90E^OO 
1.59110E^00 
1.7413CF^nD 
1. 82340E^fl0 
1.84120E^OO 
1.78e?0E*00 
1.69d26E^0Q 
1.63C?3E^00 
1. ?046OE^OO 
1. 5617QE^Q0 


STRESS(MPA) 

l:8}??ll:88 

8.38611E^Q0 

7.05845E+00 

5.73Q79E^00 

4.40313E^0O 

3.07547E^00 

1.74781E+00 


-9 




-2.23517E^00 

-3.56283E+0Q 

“4.fl904qE^OO 

“5.61619EI-00 

-5.77353E^00 

-5.30511E400 

-4.51006E400 

-3.9087CE400 

-3.50537E400 

-3.30298E«00 


TRAJECTORY TIME STEP 4 


8 

9 

10 

11 


14 

15 

16 

17 

18 

19 

20 


AREA (SO. Cm) 

4.12574E-01 
6.0 3 (B?E“02 
6.03382E-02 
6.Q33B2E-02 
6.03382E-02 
6.03332E-D2 
6.C33B2E-02 
6.03382E-02 
6.0 3 Jfl2E-Q2 
6.033fi2E-02 
6. 0 3 ?8?E“02 
6.03382E-02 
6.03382E-Q2 
1.49435F-fll 
3.22371E-01 
1.6332CE-01 
1.63320E-01 
1.63320E-01 
1.63320E-01 
1.6 3320E-01 


Y(CM) 

6.99999E-03 
6. 90998E-g2 
2.39300E-01 
3, B9499E-01 

5. 39699E-01 

6. B9899E-01 
8.40098E-01 
9.q0298E-01 
1. 1405DE40a 

i^^’8?8l:88 

1. 59110E40a 
1.74130E400 
1.82340E400 
1.8412QE+00 
1.78820E4g0 
1.69826E4S0 
1.6302JE4QQ 
1. 58460E403 
1.56170E400 


STRESS(MPA) 

1.56561E4'01 
1.45677E+01 
1.25766E^01 
1.05855E^01 
8.59446E+00 
6.60337F4Q0 
4.6l22dE400 
2.62119E40a 
6. 30i02E-{ll 

:j:1I?S?I:88 

-5.34317E4«00 

-7.33426E400 

-8.42259E+Q0 

*8.65aS6E400 

-7.95606E400 

-6.76373EfOO 


B-80 


-11774 


MCD€>NNEi^L DOUCii^A^ A^TKO^AUTi^^S ^€>9^9^ANV m mAST 



PREDICTION OF CREEP IN 
^METALLIC TPS PANELS 


PHASE III 

SUMMARY REPORT 


NAS-1 


1? 

14 

15 

1ft 

it 


EXAMPLE PROBLEM 2 OUTPUT 

TRAJECTORY TIME STEP 5 
area (S0«CH) 


4.12574E-01 
6, 0 33ft2E-02 
6«033fl2E-02 
6, 0 336?E-02 
6.03362E-02 
6.03382E-02 
6«03382E-02 

6.033A2E-02 

6*033A2E-02 

l,4qti35£-01 

3.22271E-01 

1.63320E-01 

1.63320E-01 

1,63320E-01 

1.63T20E-01 

1,63320C-01 


Y(CM> 

6,q9qqqE-03 

а. qo9qftE-o2 
2t 393QOE-01 
3.69499E-01 
5.39699E-01 

б. 89B99E-01 

6.4009dE*0l 

!• 29070E^00 
l,44090E»0a 

i:?21‘38R83 

l.a2340E^OQ 

l,ft4l20EtQ0 

l*7de2QE^00 


STRESS (HPAl 

1.04395E*01 
9.7137flE^QP 


.55460E<^Q0 

*S6170E^00 


4.4D313E^00 

3«07547E>00 

3.562ft3|^Q0 

4*ft9049E400 

5.6l619E40fl 

5.77353E400 

5,3d5llP*g3 

4.51006^00 

3.90ft70£400 

3.50537E4QQ 

3«3029ftC40ii 


EL 




1 ANAL 

C STRESSES AT X* 17.137 


trajectory time step 1 

AREA(SO.CM> Y(CH) 


ft 

9 

10 

11 

12 

13 

14 

15 

16 

:7 

IS 


4.1257^E-01 

6.03382E-02 
6. 0 3382E-02 
6.C33fl?E-02 
6. 033A2E-02 
6.031ft2E-02 
6.0 3Jfl2E-02 
6.0 3382E-02 
6.Q3382E-02 
6.03382E-02 
6. 33382F-02 
1.49435E-01 
3.22271E-01 
1.6332CE-01 
1.6332CE-01 
1.63 320E-01 
1.63320E-Q1 
1.63320E-01 


6.99999E-03 
8.90998E-Q2 
2. 3q300E-0l 
3. 89499E«0l 
5.396q9E“0l 
6. 89899E-01 
6.4gn98E-0l 
9. 9029ftE-0t 
.1 , 1405CE400 
1.2qC7QF+0D 
1.44090E+00 
1.59inE400 
1.74130E403 
1.82340F400 
1.84120F400 
1.78820E4Q0 
1.69626E400 
i.63023E*gC 
1. 5846CF400 
1.56170E400 


STRESS IMPAl 
5.335706*00 


2.92906F400 

2.?504ftF*flg 

1.57190F*00 

8.93322F-01 

2.14743F-01 

•4.63ftJ5F-0l 

-1.14241F*00 

-l.a2Q99F*g0 

-2.49957F*0fl 

-2.87048E4flfl 

-2.95090F40C 

-2.71149E*fl0 

-2.305i3F*00 

-1.6aftlftF*00 


trajectory time step 2 


6 

7 

a 

9 

10 

11 

12 

13 

14 

15 

17 

18 

18 


7 

a 

9 

10 

a 

II 

16 

17 

18 

19 

20 


AREA (SO. CM) 

4.12574E-01 
6. 0 3382E-02 
6.Q 3 jn?E-02 
6.0 33a2F-02 
6. 03382E-02 
6.g 3382F-02 
6. : 3382F-02 
6.03382E-02 

6.0 338PE-02 

6.0 3362F-02 
6.C 3382E-02 

6.0 33A2E-02 
6.033fi2E-02 
1.49435E-01 
3.22271E-01 
1. 6332QE-01 
1.63320E-01 
1.63320E-Q1 
1.63320E-01 
1.63320E-01 


Y (CM) 

6.99999E-03 
8.9g998E-02 
2.393QCE-01 
3. 09499E-O1 
5. 39699E-01 
6.698S9E-01 
8. 40D98E-01 

9.9C29ftE-gi 
, 14060E+e5 
i 2907CE + 00 
. 44090E + C3 
. 5gilQE*03 
.7413.1E*00 
_.a2340E*00 
l.ft412CE4C0 
1.78820E400 
1.698266*00 
1.630236*00 
1. 58460E*00 
1.561706*00 


trajectory time step 3 


AREA (SO. CM) 

^;i51fl2E-02 

6.03382E-02 
6.03382E-02 
6.0 33ft2E-02 
6. 03382E-02 
§.g 33e?E-02 
6.33 J82E-02 
6.03182E-g2 
6.03382E-02 
6.03382E-02 
6. 03JB2E-02 
6.03382E-02 
1.494396-01 
3.2227 1E-01 
1.63320E-01 
1.63320E-01 
1.6332QE-01 
1.63320E-01 
1.6332QE-01 


B-81 


Y(CM) 

6.99999E-03 
8.90998E-02 
2. 39300E-gi 
3.894996-01 
5.39699E-01 
6.898996-01 
a.4O098E-0l 
9. 90298E-01 

1.440906*00 
1.591igE*QC 
1.741306*00 
1, 823406*00 
1.641236*00 
1.788206*00 
1.698266*00 
1.63023E*g0 
1. 584606*1)0 
1.561706*00 


STRESS(MPA) 

5.335706*00 

4.964796*00 

4.236216*00 

3.607636*00 

2.929066*00 

2.250486*00 

1.571906*00 

8.933226-01 

2.147436-01 

-4.63835E-Q1 

-1.142416*00 

-1.820996*00 

-2.499576*00 

-2.870486*00 

-2.950906*00 

-2.711496*00 

-2.305136*00 

-1.99777E*00 

-1.79163£*00 

-1.686166*00 


STRESS (MPA) 

1.164996*01 
1.084006*01 
9. 358426*00 
7.876636*00 
6.39S23E*gg 
4.915646*00 
3.432056*00 
,950466*gg 


.6^^665. 


1. 

-i:01273E 
-Z. 49432 E*gg 
-3.975916*00 
-5.457506*00 
-6.267356*00 
6 . 442936*00 

4 
3 

3.685936*00 
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MCD €> N ^§ Ei ^ L . D €> LJGt^AS • EAST 


"^^PREDICTION OF CREEP IN 
METALLIC TPS PANELS 


PHASE ill 
SUMMARY REPORT 


NAS-1 


EXAMPLE PROBLEM 2 OUTPUT 

TRAJECTORY TIME STEP 

Y(CH) 


AREA (SO. CM) 


1 

§ 

4,12574e-01 
6.0 33826-02 
6. 3 3 3826-02 

4 

6.C33826-02 

5 

6. 033826- 32 

6.033826- 0? 
6.033026-02 

8 

6,033826-02 

9 

6,033626-02 

10 

6.03382E-02 

11 

6,033826-02 

12 

6,033826-02 

13 

6.O3382E-02 



16 

i,63320E-01 

17 

1.61320E-D1 


1,633206-01 

1,633206-01 

20 

1.633206-01 


6.9990<3E“03 

5. C099ar-02 
2. 3930QE-01 
3. fi9<«''9E-01 
5. 39699E-D1 

6. eg899f:-oi 
6*i*0g98E-01 
9.90598E-01 
1. li»C50E + 30 
1. 29070E+D0 
i.i*^090Ef 00 
1.5911CE+00 
1. 7413QE+Q0 
l.§23UaE*00 
l.ft412QE^a0 
i.7aa20E*oo 
l,6982eE^00 
1.63C23E^00 
1. E8<*6CEf0Q 
l*56l70E«-00 


STRESSIMPA) 

1.74713E+01 
1.62567E^01 
1.40348E+01 
1.18129E+01 
9.59092Et0g 
7. 3ba98E*00 
5.14704E*a0 
2,92513E^00 
7.03157E-Q1 
-1.5ia7«E«00 
-3.74072E400 
.5.9626^E>0Q 
-e.lfl460E^0Q 
*9.39913E^gO 
-9.6‘b245E^Q0 
-8,«7850Ei00 
-7,54793E+00 
-6.54151E^0Q 
-5.86651E+00 
-5.52779E»00 


trajectory time step 5 


3 

\l 

12 

13 

14 

15 

1ft 

19 

20 


area (SO.CM) 

4.12574E-01 

6.033826- 02 
6.03382E-02 
6.03382E-02 
6,033ft2E-02 

6. 033826- 02 
6.03382E-02 

6. D31B2E-02 
6.03382E-C? 
6,C3382E-Q2 
6.03382E-02 
1,494396-01 
3.22271E-01 
1.63320E-01 
1.63320E-01 
1.63320E-01 
1.63320E-01 
1,63320E-01 


Y (CM) 

6.99999E-03 

8.9C998E-02 

2,3930CE-Q1 

3,894996-01 

5.39699E-01 

6.89899E-gi 

6.400986-QI 

1.29Q706^0'3 
1,4409CE»00 
1. 69110E+00 
1.7413L£^00 
1, fl234Dr»0Q 
1, 84120Et'O3 
l,78820Ef go 
1,69826E»Q0 
1,63023E<-00 
t,58460E*00 
i.56l70E^00 


STRESS(MPA) 

1,16499E*01 

l,0B4O0E*Ol 

3,35842|405 

7.87683E^00 

6,39523E^g0 

4.91364|^00 

3.43205l^00 

-1. 0l273E»0g 
-2.49432E+00 
-3.97591E+00 
-5,4575CE400 
-6,26735EfQ0 
-6,44293E^Q0 
-5,92gi9E^gg 
-5«03296t+fl0 
-4,36188E^0P 
-3,91179E^00 
-3*68593E^00 


CASF 1 ANALYSTS „ 

ELASTIC STRESSES AT X= 19.994 


TRAJECTORY TIME STEP 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

u 

J2 

13 

14 

15 

16 

17 

18 

19 

20 


AREA (SQ.CH) 

4.12574E-01 
6.03I82E-02 
6. 031026-02 
6. 0 31826-3? 

6.031826- 02 

6.031826- 02 

6.031826- 02 
6,C 3 1826-02 
6. 033826-02 

6.031826- 02 
6, C 3 38 26-02 
1.494356-01 
3.222716-01 
1.633206-01 
1. 63 1206-01 
I, 6.33206-01 
1. 63 1206-01 
1,63 1206-01 


Y(CM) 


6,999996-03 
8.909986-02 
2.393006-01 
3.894996-01 
5, 396996-01 
6; 898sq6-gi 
8.40C986-Q1 
9.902986-01 
1. 14050 6t0a 
1. 2907CF + 00 
1.4409GF>gO 
1.591106>00 
1, 7413Q6»03 
1. 8234C6*00 
1. 841206^60 
1.788206*50 
1, 698266^00 
1. 630236*00 
1. 58460E+00 
1.5617CE+00 


STRESS(MPA) 

5,7052ftE*00 
5.30867E^OO 
4.58309E*00 
3, 857516*00 
3.131936*00 
2,406356*00 
1,680786*00 
9.55197E-01 
2.29617E-01 
-4,959626-01 
-1. 221546*00 
-1,947126*00 
-2,672701*00 
-5.069306*00 
-3.156296*00 
-2.899296*00 
-2.464796*00 
-2.1361 4£*00 
-1.915726*00 
-1,80511E*00 


TRAJECTORY TIME STEP 2 


1 

2 

3 

4 

5 
5 

7 

8 

10 

II 

13 

14 

II 

17 

15 

IS 


AREA CSn.CM) 

4.125746-01 
6. 033826-02 
6.a338?E-02 
6,G31R?E-02 
6. 0 11826-0 2 

6. 0 338 26-02 

6.0 11826-02 

6.0 33826-02 
6,0 33826-02 
6,031826-02 

6.C 33826-02 
1,494356-01 
3.222716-01 
1,633206-01 
1,633206-01 
t,63320E-0l 
1.63320E-01 
1.6332QE-01 


¥ (CHJ 

6.99999E-03 
8.909906-02 
2. 3930r:6-01 
3, 894996-01 
5. 396996-01 
6. 890996-01 
8.400986-01 
9, 902986-01 
1. 140506 + 00 
1.290706*00 
l,44Cq06*g0 
1,591106*00 
1,741306*00 
1. 823406*00 
l,84i2QE*DQ 
l,7ae20E^D0 
1,698266*00 
1,630236*00 
1,564606*00 
I,56170£*00 


STRESSiMPAI 

5.70528E*00 

5.308676*00 

4.583096*50 

3.857516*00 

3.131936*00 

2,406356*03 

l,6807flE*00 

9,551976-01 

2.29617E-01 

-4,959626-01 

-1.22154r*00 

-1.94712E*flQ 

-2,672706*58 

-3,06930E*00 

-3.155295*00 

-2.89929€*00 

-2,464796*00 


B-82 


-11774 


MCDONNELL DOUGLAS ASmONAUTICS COMDANV - EAST 



:?PREDICTION OF CREEP IN 
METALLIC TPS PANELS 


PHASE III 

SUMMARY REPORT 


NAS-1 


EXAMPLE PROBLEM 2 OUTPUT 

TRAJECTORY TIME STEP 3 


( 

AREA (SQ.CM) 

V(CM) 

STRESS(MP 

1 

4.12574E-01 

6.99999E-03 

1.24565Ef0t 

2 

6.g3302E-O2 

8.9099BE-02 

1.15908E401 

3 

6.Q33fl2E-02 

2.39300E-01 

i.oooeeE^oi 

4 

6.03382E-02 

3. B9499E-01 

ft.42241E^00 

5 

6.Q3)8?E-02 

5.39699E-01 

6.83819E»00 

1 

6.03T82E-02 

6.89899E-01 

5.2S398E^flO 

7 

6.03382E-02 

8.40098E-QI 

3.6 jS77E^00 

8 

6. 0 3T82E-02 

9.9G298E-01 

Z.08555Effl0 


6. 03382E-02 

1. 14QSOE*00 

5,C1341E-gi 

10 

6.03362E-02 

1. 29070E>00 

-l.08287E*00 

11 

6.03382E-02 

1. 44090E>00 

-2.66708E*00 

12 

6.C3362E-02 

1.59110E^OO 

-4.25130E^00 

13 

6.03362E-02 

1.74130EtQ0 

-5.83551E^qO 

14 

1.491435^-01 

i.ft2340E+00 

-6.70145E*00 

15 

3.22271E-01 

1.84l20Et00 

-6.88919E4^00 


1.63320E-01 

l478820Ef00 

-6.33025E^00 

17 

1.63320E-01 

l,69B26F*0g 

-5.3Blf7Ef00 

18 

1.63320E-01 

1.63023E+0D 

-4.66401E>00 

19 

1.63320E-01 

1.58460Ef00 

-4.18274E^00 

20 

1.63J20E-01 

1.5617QE+00 

-3*94124E»00 


trajectory TIHE step 4 


area (SQ.CM) 


Y (CM) 


STRESS (MPA) 


1 

4.12574E-01 

6.99999E-03 

1.86814E^01 

2 

6.rnfl2E-02 

8.90998E-02 

1.73827E^Q1 

1.50069E401 

3 

6. 03382E-02 

2.39300E-01 

4 

6. Q 3382E-a? 

3.89490E-01 

5.39699E-01 

1.26311Ei0i 

5 

6.03T82E-02 

1,0255?E*Q1 

6 

6. 0 3 33 2E-02 

6.89899E-gi 

7.«79Jfi’ItS0 

7 

6.Q3J82E-02 

8. 40098E-01 

5.50354E400 

8 

6.D n«2E-02 

9.90298E-01 

3.12770E^fl0 

9 

6. 03382E-02 

1. 14050E + 00 

7.51861E-01 

10 

6.0 33flPE-02 

1.29D7CE+00 

-1. 62:iS8E4(JQ 

It 

6. 03 J82E-02 

1.4*.cgOE^QO 

-3.999ft2E»0fl 

12 

6.Q3382E-02 

1.5911OE^O0 

-6.37566E^00 

13 

6.03382E-0? 

1.74130E+03 

-8.75150E^00 

h 

1.4943*'E-0t 

1.82340E+00 

-1.0C501E»01 

15 

16 

3.22271E-01 

1. B4120E^Q0 

-l. 033lh^01 

1. 633236-01 

1.78620E+00 

-9.49347c^00 

17 

1.63320E-01 

1.69826E+00 

-8.07073E*00 

18 

19 

i.63J?9E-gi 

1.63320E-01 

1.63C23E+Q0 
1. 5a460E*00 

-6.9«46CE»0S 

-6.27285Et00 

20 

1.63320E-01 

1.56l70E^00 

-5«91066E^00 


TRAJECTORY TIME STEP 5 


Ifl 

U 

14 

15 

1ft 


AREA (SQ.CM) 

4,1?574E-{)1 
6.033flPE-02 
6.033ft2E-02 
6.033«2E-02 
6.033a?E-02 
6.033ft2E-fl2 
6.033ft2E-O2 
6.03TA2F-52 
6.C3Jft2E-02 
fc.03 (fl2E-02 
6.r33B?e-02 
f>.Q33ft2F-Q2 
6.033fl2E-02 
1.49435E-01 
3.22271E-01 

l.ft3320E-81 

1.63320E-01 

1.63320E-01 


Y(CM) 

6.99S99E-03 

A.9C993E-02 

2.39300E-01 

3.69499E-01 

5.39699E-01 

6.89a99E-Ql 

ft.4009aE-01 

1. 29070E + 00 
1.44a90EfO') 
1.59llCEf00 
1.7415oE^03 
1.8234GE*00 
1. 64120E»00 
1.7a62QE^Q0 
1.69a26E*09 
1.63C23E400 
i.56460E«00 
i.ssiroE^oo 


STRESS (MPA) 

l,2456ftE^01 

1.15906E^01 

1.00066E«Q1 

а. 42241E>00 

б. 83dl9E«00 
S.25398E«00 
3.6S977E400 

-1.0fl287F»0() 
-2.6670 CEfOO 
-4. 25130E^CO 
-5.83551E^00 
-6.70145E^05 
-6-889l9E^00 
-6.33025E400 
-5.38157E^Q0 
-4.66401E^ ‘ 
-4*18274E^,- 
-3.94124E^Q0 


ElSsffc sIrESS^S^A? X* 22.850 


trajectory time STEP 1 


1 

AREA (SQ.CM) 

Y(CM) 

STrESS(HP. 

1 

4.12574E-01 

6.99999E-03 

5.S9006E»00 

2 

6.333P2E-02 

e.90998E-02 

5.4a061E*Q0 

3 

6. Q 3382E-02 

2. 39300E-01 

4.73153E^00 

4 

6.03382E-02 

J.89499E-01 

3.9e?45£+00 

5 

6.033A2E-02 

5.39699E-01 

3.23337E^00 

6 

6.03382E-02 

6.89B99E-01 

2.48429E*00 

7 

6.03382E-02 

8.40098E-01 

1.73521E^00 

8 

6.0 3362E-02 

9.90298E-01 

9.86134E-01 

9 

6.03382E-02 

1. 1405QE*00 

2.37054E-01 

(0 


1.29070E»0Q 

-5.12025E-01 

11 

1.44C9CE^05 

-1. 26UIE»00 

12 

6.03382E-02 

1.59llCEf00 

-2.01018E400 

13 

6.C3382E-02 

1.7413aE4flO 

-2.75926E*00 

14 

1.49435E-01 

1.82340E+00 

-3*tfc87ir«Q0 

-3.25749Et00 

15 

3.22271E-01 

l.fl4120E^Q3 

16 

1.63120E-01 

i.7de20e»03 

-2.99320E»00 

17 

1.63320E-01 

1.69fi26E*00 

-2.54462EtOO 

1ft 

1.63320E-01 

1.63023E+00 

-2.20533EfOO 

19 

1.63320E-5t 

1. 58460Ef DO 

-1.97777E^00 

20 

1.63320E-01 

l.56170Ef00 

-l,86358EtOO 


B-83 
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-11774 


^^PREDICTIO^I OF CREEP IN 
METALLIC TPS PANELS 


PHASE III 

SUMMARY REPORT 


NAS-1 


EXAMPLE PROBLEM 2 OUTPUT 


TRAJECTORY TIME STEP 


1 

2 

3 

5 

6 
7 
6 
9 

13 

11 

\2 

11 

U 

15 

16 

17 

18 

19 

20 


AREA (SO.CH) 

4.1267UE-01 
6.03382E-02 
6. O1T02E-O2 
6.0 3102^-02 
6.C 338?E-02 
6, 033A2E-02 
6.Q33A7E-02 
6. 0 3 382E-02 
6. 033A2F-0? 
6. g 33fl2E-02 
6,033fl?E-02 
6. 03382E-02 
6,033fl2E-02 
1.49435E-01 
3.22271E-01 
1.63120E-01 
1.63320E-01 
1.6332CE-01 
1.63320E-01 
1.63320E*0i 


Y (CMJ 


6.<3q999E-03 
8.90998E'02 
2.19100F'Ql 
3. 85499E-01 
5.39699E-01 
6. 89e99E-Dl 
6. 4009RE-01 
9.90296E-01 
1. 14050EfOQ 
1.2907CE+00 
i.44O9OE^O0 
1.5911CE»Q0 
1.74l30EfOO 
1. 8234DE»00 
1.84120E^QO 
1.78a2aE*Q3 
1.69826E*00 
1,63C23E>00 
l.S§460E^00 
1.56170E^00 


STRESS IMPAI 

5.89006E*0B 
5.48061E»QQ 
4.73l53EiOO 
3.98245E»C0 
3*21337E+00 
2.48429E^OO 
‘ .73521E*00 




i 

9. 

Z.37 
-5. 12025F-01 
-1. 26illE4gn 
-2.0101flE^00 
-2.75926E*00 
-3.16871E*Q0 
-3.25749E^OO 
-Z.99320E*00 
-2. 5<»462Et00 
-2«20533E^G0 
-l.97777Ef00 
-i«66358E^00 


TRAJECTORY TIME STEP 3 


3 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


AREA (SO.CH) 

6.O3502E-O2 
6.03362E-02 
6. 0 3382E-02 
6.D33fl2E-Q2 
6.0 33A2E-52 
6. 0 33APE-02 
6.03382E-02 
6.03182E-02 
6.03362E-02 
6. 0 3302E-O2 
6.0 33fl2E-02 
1.49435E-01 
3.22271E-01 
1.63320E-01 
1.63320E-01 
1.63320E-01 
1.63320E-01 
1.63320E-01 


Y(CM) 

2. 39300E-01 
3, 89499E-01 

5. 39699F-gi 

6. a9699F“0l 
8.40C98E-01 
9.9029HE-Q1 
1. 14Q5ge^n0 
1. 29070E^tiO 
1. 44O90 Ef03 
1.591lCE^O0 
1.74130E^OO 
1.0234CE»OO 
1.0412OE*OO 
1.7afl20E^00 
i. 698?6r«^og 

1.63C23F+O0 
1. !846CE*00 
1.56170Ff00 


STRESS (MPA) 


03307E^Q1 

69520E*Q0 

“967E*Q0 


5.?i4l5E*,, 
3.78863E^00 
2. iSSlOEFOQ 
5.17579E-01 
-1.11794E*00 
-2.75347E^00 
“4.38899E+00 
-6.02452EF00 
-6.91850E*OQ 
-7.11232E^O0 
-6.53528E^00 
-5,555a7E*Qg 
-4.81607E400 
-4.31821E*00 
-4«06669E»00 


1 

4.12574E-01 

2 

6.0 3182E-02 

3 

6.C3?82E-02 

4 

6.033A2F-02 

5 

6. J 3 162E-02 

6 

6. c n8?E-g? 

7 

6. 0 333?E-02 

8 

6.03382E-02 

9 

6.D3JR2E-D2 

10 

6.0 33B2F-0Z 

11 

b.O 3 (82E-02 

12 

6.0 3382E-02 

13 

6. 0 3382E-02 


1.49435E-01 

A 

3.22271E-01 

16 

1. 63323E-01 

17 

1.633?0E*01 

18 

1.6332CE-01 

19 

1. 63320E-01 

20 

1.63320E-01 


TRAJECTORY TIME STEP 4 
AREA(SQ.CM) Y(CM) 


6.99999E-03 
B.90998F-02 
?. 393ME-01 
3.89499F-01 

5. 39699E-01 

6. a9891F-Q1 
8. 4009HE-01 
9.9029flF-01 
1. 14050E+00 
1. 29Q7Df *00 
1. 4409oF^00 
1.59110F*00 
1. 7413:*F»0D 
1.8234CFf00 
1. 84123F+Q0 
1.78e20F»00 
1.69826E^00 
1.63023E+Q0 
1. 5e46aE*00 
l.56170E^OO 


STRESS (MPA) 

1.92865E^D1 
1.7945BFFD1 
1.5493DE*Hi 
l. 30 4fJ2E»01 
1.05874E+01 
8.134^qE+0Q 
5.68ie0E+00 
3.229(J0E>DD 
7.76212E-01 
-1.67f>98EfOO 
-4.12937E+00 
-6.58216E*00 
-9*D3495E*00 
-1.03757E+01 
«1.06F63E*01 
-9.ft0095E»00 
“8. 33213E*00 
-7.22115E+Q0 
-6.476026*00 
-6«10210E«00 


i? 

ll 

14 

15 

17 

18 

20 


trajectory TIME STEP 5 
AREA (SQ.CM) Y(CM) 


4.12574E-01 
6.0 3382E-02 
6.03382E-C2 
6.03382E-02 
6. 03362E-O2 
6.03382E-02 
6.fl33«2E-02 


6.03Tft?E-02 

3.C33A2E-0? 

6.' 53'^8?E-82 


6.Q3382E- 


1.49435E-01 
3.22271E-01 
1. 63320E-01 
1.63320E-Q1 
1.63320E-01 
1.63320E-01 
l«63320C*l)i 


6.99999E-03 
R.9O990E-C2 
2. 39330F-01 
3.89499E-01 
5.39699E-01 
6.89899E-01 
A.40098E-01 

uimm 

1. 2907CF ♦go 
1.44090F*0 J 
1.59110F+Q0 
1.74l30E^Oa 
l.82340E>0Q 
1.84120E^OO 
l*7882CEf00 
1.69626E^go 
l«63Q23Ei0Q 
1.58460Et00 
1«56170E^OQ 


stress (MPA) 

1.28602E^01 

1.19662E4gi 

1.03307E^01 

«.69520|^00 

7.05967E400 

5.42415E>00 

3*78d63E»Q0 

-1. 11794F»55 
-2.75347E^0Q 
“4.3$899E+g0 
-6.0l452Ef00 
-6«91850E^00 
-7.il232EfOO 
-6.53528E^O0 

»4.31B21|>00 

-<i.O6B69E«0i 
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MCiy€>Nht£LtL OO/iffVUVV - f AST 


^^prSiction of creep in 

VIETALLIC TPS PANELS 


PHASE III 

SUMMARY REPORT 


NAS-1-11774 


EXAMPLE PROBLEM 2 OUTPUT 

CREfP PREHICTION COMPUTtP PROGRAM 

TPSC example problem 2 time HARO 


SINGLE FACED CORRUGATION TPS 

SKIN CAGE = .0216 CM 
CORRUGATION GAGE = .0140 CM 
NUM3ER OF CORRUGATIONS = 14 

PITCH LFNGTH = 3.630 CM 

FLAT LENGTH = .711 CM 

TAnEL edge length « ,360 CM 

CORRUGATION ANGLE = 12.630 DECREES 
PANEL DEPTH = 1.852 CM 

CALCULATED MOMENT OF INERTIA » 1,2036087 CH**4 

ELASTIC NEUTRAL AXIS s 1.188 CM 


PANEL LENGTH a 
PANEL MIOTH = 


45. 7C CM 
51.60 CM 


NEGATIVE BEAD 

RADIUS = -3»180 CM 
WIDTH « , 2.62C CM 

APPLIED LOADS 

UNIFORM PRESSURE IPLATE OPTION) 


BENDING MOMENT OISTRI0UTION 


TIME 

1.33 

4.67 

7.50 

xllll 


OEAM STATION ICM) 
2.86 5.71 


7.44 

7.44 
16.25 
24,37 
16.25 


20 . 88 
20 . 88 
45.60 
66.38 
45. 6C 


8.57 

32.41 
32.41 
70.75 
106.11 
70. h 


11.42 

42,01 

137,55 

91.72 


14*28 
<CH KILOS) 

49.69 

49.69 
108.49 
162.70 
1C8.49 


17.14 

55.45 

55.45 

121.07 

181.57 

121.07 


19.99 

59.29 

59.29 

129.45 


22.85 

61.21 

61,21 

133.65 

200.43 

133.65 


TRAJECTORY DATA 


TIME (MINUTES) 
PRESSURE (PA) 
TEMPERATURE (OEG K) 


TIME 

START 

ENO 

PRESSURE HIOSPAN SkIM 

TEMPERATURE 

0.00 

1. 33 

756.fl0( 

) 1122.0 

1.33 

4*67 

758.001 

) 1231.0 

4.67 


1655.00 

1 1231.0 

7.50 

8.50 

Haa.oo 

) 1225.0 

8.50 

11.33 

1655.00 

> 1014,0 


CYCLIC CREEP EQUATION DEFINITION 


LN(STRAIN)s -2«89414E4>00 

-1. 74300E-02 •(TIME) 

1.31015E^00 •LN(STRESS) 
1.9131CE-01 •LN(TEHP) 
2.10000E-04 •TIME»STRESS»TEMP 


WHERE TIME * HOURS 


B-85 


iVfOOO/VAVE’ClL JtST’fTOA/JtC/TYO^ « CAST 


^^PREDICTION OF CREEP IN 
METALLIC TPS PANELS 


PHASE III 

SUMMARY REPORT 


NAS-1-11774 


EXAMPLE PROBLEM 2 OUTPUT 

ELASTIC OEFLECTION SUHHARY 


6*90 

11.33 


8EAH STATION 
2.88 
.CC16 

• C016 
«0C3^ 

• OOSl 
.0034 


(CNI 
5.7i 
• QQ31 
. 00 31 
.0067 


8.57 
• 0C44 

I?C97 


.0056 

i!IN 


14.28 
• 0066 
.0066 

:un 

• 0144 


17.14 
. 0073 

inu 

• 0239 

• 0159 


J?o?? 

:8Jr9 

Idi69 


22.85 

• 0079 

:m 

• 0258 
.0172 


FIRST cycle CREEP DEFLECTION SUMMARY 


TIME 

1.33 

S>:IJ 

d'M 


BEAM STATION (CM) 


2.86 
. 90 00 6 
.00016 
•00Q32 
•00041 
• 00045 




Oil 
•00031 
•00063 
• Q 0 0 80 
•00086 


SSd17 

im 

0Q117 

00128 


11.42 

•00021 

Mil 

•00149 

•00163 


14.28 

.00025 

.00176 

•00192 


17.14 

•00028 

.oooH 

•00155 

:llin 


19 


00164 

SHIS! 


•00092 

illiii 


CREEP OEFLECTION SUMMAPY 


CYCLE 

1 


BEAM STATION (CM) 


2.86 
•00045 
•00069 
.00088 
• 00105 


5.71 

•00088 

:IH!S 

•00206 


8.57 
•00128 
•00198 
• 00253 
•00300 


11.42 

.00163 

•00252 

.00323 

.00383 


14.28 

.00192 

.00298 

.00381 

•00452 


17. 


l8ozi<> 

.00331 

illWi 


:Um 

.00534 


22.85 

.00232 


CREEP PREDICTION COMPUTER PROGRAM 
CREEP STRAINS (PERCENT) 
CYCLE 1 


HEIGHT 
.0 070 
.0 891 
.2393 
.3895 
.5397 
.6899 

.99j3 
1. 14C5 
1.2907 
1.44C9 
1.5911 
1.7413 
1.8 234 
1.8412 
1.7882 
1.6983 
1.63C2 
1.5846 
1.5617 


2.86 

•0000798 
. C010762 
• 000 SC.92 
.C03C615 
•0CC0532 
.C30C441 

mmi 

. CC0009C 
-.OODCl 70 
•.CG0C196 
-.C3JC306 
-.0000411 
-.0000449 
-.000Ch 59 
-•Q0QQ4?q 
-.C000369 
-.CC00332 

">UU 


BEAM 

5 


STATION 

71 

0 30 3384 
0102944 
0302700 
0302373 
0302050 
0001599 
OOC 1332 

0 30 C9S7 
OuC 3395 
0300266 - 

0000753 


(CM) 


8.57 

11.42 

14.28 

.C0C5477 

. 0007694 

.0009587 

• C005227 

. 0007394 

.C009211 

•0004727 

.0006641 

.0008272 

, 0004206 

, OOC59C6 

.0007355 

,0003637 

.0005105 

.0006357 

.0303013 

• 0004228 

,0005265 

. C002321 

.0003256 

.C0Q4C54 

. C301536 

. 000 21 51 

.0CD2679 

. MCO 624 

.0000876 

.0001094 

. 0030467 

0003656 

-. 00 0.C812 


. 0001 J3l 
.C 3 02083 
. C002T48 
-.0001733 -. C003068 

. C002564 


,000 11 75 
,0001552 




. . J1654 
-.3001448 
-.0001277 


-•000115^ 


.0002261 

.0002349 


0001397 -•C001940 - 


•0301869 
.0302921 
. 000 38 61 
. 03042 65 
« 0004370 
• 0 0041 36 
.00C36C1 
0003175 
0002878 
0002725 


ziumi 

3004803 

-.0005356 

-.0C05437 

-.0005145 

-.0084479 

-.0003949 

-.0003579 

-.0003386 


17.14 

.0011069 

.0010633 

.0009547 

.0008488 

.0007335 

.OC06D73 

.0001262 
-.OC03938 
-. 00 0^80 
-.0004192 
-.0005543 
-.0006182 
-.0006276 
-•0005938 
-•0005170 
-.0004557 


19.99 

0012053 

0011580 

0010398 

0009246 

0007992 

0006620 

mm 

0001386 

OOOlOlO 


02907 
-.04552 

0006879 

0006452. 

0005616 

0004949 

mini 



-.0003031 



CREEP PREDICTION COMPUTER P'OGRAM 
Rr'‘inuH (HHA) 

rvCLE 1 


H ;ir.‘-*T 
.0070 
.9891 
.2393 
.3895 

.5397 

.6899 

• 8 4 w 1 

.9903 
1.14C5 
1.29C7 
1. (409 
1.5911 
1.7413 
1,8234 
1.8412 
1.7982 
1.6983 
1.63C2 

trim 


4.73F-03 
i,68E-0 3 

hUV-U 

1.04E-02 

1.24E-02 

1.31E-02 

1.19E-02 


-3 


7.816-03 

‘.75E-34 


2.48F-01 

3.03E-03 

1.63E-03 

2.72E-04 

1.39E-03 

2.84E-C3 

3.04E-03 


AH rTATION 
'^.71 

1.81E-02 

6.53E-03 

■kWr-U 

-3.92E-02 
-4.716-32 
-4.97E-02 
-4.53E-02 
-3.02E-32 
-1.75E-03 


tTM) 

3.15E-02 
1.12E-02 
-1.99E-0 ■ 
-4.79E-C 


9,07E-01 
1.09E-02 
6.53E-03 
6.22E-04 
-6.72E-04 
3.aiE-03 
8. 356-03 
1.03E-02 

l:m\ 


11*49 
4.44E-02 
9.05E-03 
2 ,776-02 
6.68E-02 
.696-02 
.166-01 
1.23E-CI 

-3.66E-03 -5.37E-C3 


■6.95F-Q2 

8.35E-02 

8.81E-02 

•7.99E-02 

-5.40E-02 




i.iim 

1.09E-02 

3.86E-04 

-1.90E-03 

6.63E-03 

1.41E-02 

1.77E-02 

1.89E-Q2 

l,91£-02 


2.17E-02 

2.626-02 

1,53F-C2 

-5.77E-C3 

-7.95E-03 

9.3CE-03 

1.98E-02 

2*47E-02 


B-86 


14. ?8 

5.51E-Q2 

1.12E-02 

3.43F-02 

8.29E-02 

1 .2CE-01 

1.45E-01 

\:m-n 

9,486-02 
6. 856-0 3 
2.636-02 
3.196-02 
1.826-02 
-i.lCE-03 
-l.07i.-02 
1.086-02 
2.386-02 
3.00E-02 


02 3.25 


17.14 

6.33E-02 

1.29E-02 

-1.38E-01 
-1.66E-Q1 
-1,7&E-01 
-I,59E-Q1 
-1,096-01 
-7.906-33 
3. D3E-02 
3.67E-02 
2.1QE-Q2 
-1.266-03 
-1.23E-02 

3. 456-02 


19.99 

Inim 

-1.50E-01 
-1. 816-01 
-1.92E-01 
-1.74E-01 
-1.20E-01 
-l.flCE-02 
3.13E-02 
3.79E-02 
2. 046-02 
2. 636-03 
-7,906-D3 
1.096-02 
2.756-02 
3.536-02 


22.85 
7.36|-t)2 
1 . € 26-02 

‘M-U 


-4. 

-1.25E-Q1 

-1.056-02 

3.266-02 

3.95E-Q2 

2,12E-02 

2.76E-03 

■i-.mi 

2 . 666-02 


3.456-02 3.536-02 3.686-02 


AsTvt^kiAij'rics • mAsr 



’PREDICTION OF CREEP IN 
-^METALLIC TPS PANELS 


PHASE III 

SUMMARY REPORT 


NAS-1-11774 


EXAMPLE PROBLEM 2 OUTPUT 


CREEP STRAINS ^PERCENT) 


HEIGHT 
.0070 
• 0fl91 
.3393 
.3895 
.5397 
.6899 

, 9 : 5 

1 . 1 ' 
1. 11 7 
1 . 1 « - ? 
1 , ^<^11 
1. ' • 
i.i : 
1.3^.:: 
l,7df^3 
1.6983 
1.63G? 
1.5646 
1.5617 


3.86 
C001236 
000 1181 
CQ01C63 

0030677 
u u 0 0 ^ 31 


• I - "‘ .T 
' ] ' ’ 

500057^ 

00OC513 

0000464 

0000440 


BEAN STATION 

5*^1 

. 0004779 
.0004553 
. 00C4129 

• 000 363$ 

• 0G03143 

• 0003599 

. : 19 99 


- . . It s P 
9 M r K 7 

’ _ ^ H 


0 J c 35 3 9 
030 3328 
0001964 
000 17 81 
0001686 


(CM) 

8.57 

. 0308498 
. C008094 

. 0005573 
•0304608 


: « : : r : 

; r' ,7 ’ r. 7 

' TL 7 71 
: V. ^ I T 4 
: : j M ' r 4 
0003954 
C 033486 
0003159 
C003991 


1.4? 
0011884 
Q011396 
0310255 
00090 95 
0007847 
0 Ju648i 
t : : H ) : 

: 7*> 74 

: y 17 7 .. 

C , Zi":! 

:■ )C4514 

1)' 173 

: ' '>?'4 

•} j r ^4 

Jl’ ^374 

0 Jc 5569 

0004908 
000 4448 
0004311 


14.38 
• 00 14611 
.0014199 
.0012776 
. 0011331 
,0009769 

. ' ■- '4' 7? 


n ' < 19 
. : ; / ^♦17 
■j'‘‘r77 
j 'j : « L 7 1 
.'i: " 7 93fl 

j: ihiu 

0006111 

0005537 

0005243 


17.14 
.0017099 
.0016387 
.0014754 
.0013003 
•0011376 
.u;;: ail 
, : : : 714^ 
. " 4 

. : ■ . ! • 1 1 7 
. ^ . 14<7 

, . - :4i'2 

.orr A4i: 

■ « : , T 

, • ' ■ 4 r r 5 

.0:997‘',5 
.0'' "9! 74 
. 0 C u ® C 4 '< 

.0007057 

•0006394 

•0C06053 


19.99 

.0018797 

.0017900 

.0016095 

• G JlCi- 6 

. : J : 7 9 8 

.'no'^13 0 

. ' ICP'.Hv 
, iO '’1^-T4 

, : 

,01''7-'75 
. : 7 

. ' 493 

112^72 

• ■' 3 '1 C! q T 
. : OCR 733 
.0007694 


32.85 
•0 019600 

• 0C18&64 
.0016781 
.0014877 
•0013821 
,0C1G^86 

. J - V : 2 5 

. 1<"?5344 
. G ■:?1 7 3 

. ) c:4-i7 
,0 re 7177 
- 3 r 3 9766 
. 0 rt'^nui 
.0C11125 
*0 cn4iF. 

• ^ .591C6 

• 0 C0d033 


-.0006971 -.0007368 

-.0006699 -.(1006880 


CREEP PREOICTION COMPUTER PROGRAM 
RESIDUAL STRESSES (MPA) 


HEIGHT 
• 0C70 
.3891 
.2 393 
. 5 895 
.5397 
.6899 
.8451 
.99C3 
1.14:5 
1.E9.7 
1.4409 
1. 5911 
1.7413 
1.8234 
1.8413 
1.7882 
1,6983 
I.E3-2 
1.5846 
1.5617 


3.86 

6.50E-0 3 
1.7flE-0 3 
-4.44E-0 3 
-1.076-132 
-l,56E-03 
-1.87E-C2 

-l,q«r-r7 

-1.7qt-03 
-1 .19E-C2 
-5.43E-04 
3.92E-0.3 
4.58E-03 
2.34E-03 
3.87E-04 
-1.06E-03 
1.17E-03 
2.44E-03 
4.34E-03 
4.6CE-03 
4.65E-0 3 


beam station 

5.71 

2.44E-03 
7.97E-03 
-3.05E-03 
-3.97E-02 
-5.B1E-D? 
-7.03E-a2 
-7,416-03 
-6,7?E-03 
-4. 60 E- 3 2 
-3.89E-33 
I ,33t-02 
1.60E-03 
9,20E-03 
-2.10E-04 - 

-3.596-33 - 

2.87t-Q3 
1.20t-03 
1.5CE-33 
1.61E-03 
1.63E-03 


(CM) 

8.57 

4.21E-02 
1, 34E-03 

-turn 

“1.32E-01 
-1.23E-01 
-1.31E-C1 
-1. 19E-01 
-8, 16E-03 
"5.14E-C3 
3. 32E-02 
3.79E-C2 
1.61E-03 
-5.91E-C4 
-4.76E-Q3 
7.00E-03 
3. J9E-03 
3.63E-C2 
3.81E-03 
3.85E-02 


11.42 
7.016-03 
1.86E-C3 
-4.14E-02 
-9.93E-02 
-I .44E-01 
-1 .73E-01 
-1.83E-01 
-1 .65E-01 
-1.15E-01 
-7.83E-03 
3 .26E-Q2 
3.94E-02 
2.33E-02 
-5.74E-03 
-6.75E-03 
1.06E-03 
2.98E-02 
3.71E-02 
3.96E-02 
4.01E-03 


14,28 
8.69E-03 
2,34F-03 
-5,l?r-03 
-1.23F-01 
-1.78F.-01 
-2.14E-01 
-3.37r -01 
-2.C5F-01 
-1 .41E-Q 1 
-9.8 lE-03 
4.0 jF-02 
4.84E-03 
2.83E-02 
-3.93E-03 
•8.59F-03 
1.28E-03 
3.65E-03 
4.56E-03 
4.87E-C3 
4.93E-03 


17.14 

l.OlF-01 

2.83E-02 

-5.93E-02 

-1.41E-01 

-2.05E-01 

-2.47r-31 

-2.61E-01 

-2.36E-01 

-1.65E-01 

-1.12E-02 

4.63E-Q2 

5.61E-02 

3.30E-02 

-3.92E-03 

•l.OlE-02 

1.60E-02 

4.25E-02 

5.28E-02 

5.64E-C2 

5.71E-03 


19.99 

9.09E-02 

2.81E-02 

-6.436-02 

-1.54E-01 

-2.23E-01 

-2.69E-01 

-1.79E-01 

-1.33E-02 

4.96E-02 

6.01E-02 

3.49E-02 

3.7QE-03 

-1.20E-02 

1.42E-02 

4.53E-03 

5.65E-02 

tnm 


23.85 
9.46E-02 
2.93E-03 
-6.68E-03 
-1.60E-01 
-2.32P-01 
-2.80E-DI 
-2.97E-D1 
-3.69E-0I 
-1.87E-01 
-1.39E-03 
5.16E-03 
6.26E-03 
3.63E-03 
3.05E-O3 
-1.35E-03 
1.48E-03 
, 4.71E-02 
5.89E-03 

tiimi 


CREEP prediction COMPUTER PROGRAM 
CREEP STRAINS (PERCENT) 
CYCLE 3 


HEIGHT 
.0 070 
• 0891 
.2393 
.3895 
.5397 
.6809 
.84''! 

J , 1 ^ 5 
i.:^7 

1 .t^,0 

1 . t 1 1 
1 , 7 ui ^ 
1. : :4 

1, 

1.7882 

1.6983 

1.6303 

1.5846 

1.5617 


BEAM STATION 
5.71 


.0001579 

.0001509 


0006139 

0305818 


•0001368 

.0001307 


02052 72 
00U4649 


. 0001043 


0004009 


.0003862 


0QC3312 


.0003^63 


1 , 4 5 


• l w t J *• Cr ^ 


: 16 8 3 


, ’’ r > r j 7 r 


p :6 7 8 


.c:d;i3*5 

- 

] ?pn 

- 

. o".. ..3M7 

- 

Pi 1475 


:C6:? 



- 

.C- J v A 

- 

*: ' n M 

• 


- 

LJ^^4:2 


. * 

• 

' ’ ' ^4 A 8 

• 

•QoJ JM43 

• 

0C03241 


.0000727 


030384G 

• 

.0003654 

- 

000 25 07 

• 

:83S8II^ 

• 


- 


(Cm) 

8,57 

. 00 10846 
• C010314 

•0007079 

.0005846 

, n C :,4qo 

, C O '^29 *9 


11.43 
.0J15337 
.0014633 
• 00131 44 
. 0011637 
. 0010016 
.0008360 
. OOC F335 
. 0 3C 41 MO 


14.28 

.0018998 

•0018193 

.0016387 

• 00 14509 

,0013408 

.0010299 

.OC07900 


r J ' 1 1 9 - 

.0:017C5 

. 3 3 ■? ? 1 P G 

13 J J 925 

-.0331392 

93C1(''5 

rO 3 2610 

-. 0033676 

3304^77 

r ) : 4 ; 7 > 

-. : ::g7G6 

-.C0P171 

'3 5398 

-. C *."7621 

-.OG'i^Gcq 

c o:c : 18 

c:c 2494 

-.CQ1C596 

" -I r A 1 i. n 

- , J p ^ 7 : 7 

- . fi ’ 1. 8 2 9 

CQ05750 

-.0008116 

-.00 1C 137 

0005033 

0007113 

-.0008861 

C034435 

-. 0006262 

-.0007802 


-.0005671 

-.000536^ 

-.0007365 

-.0006686 


17.14 
.0023010 
.0021006 
•0018940 
.0016763 
•0014424 
•0011892 
.0009118 
. G : : 5 9 ^ 1 
,!)]<124^9 
.OOM 8-5 
. C *! D 2 7 
.0 J08P i5 
, ? P 9 M 9 
.0,122^6 
.0M3'^-:4 

,om 6 94 
•0010340 
• 0009014 

imnii 


19.99 
.0524030 
.0022790 
.0030545 
•0018183 
•0015645 
.0012896 
.0009888 
,13^^497 
,00C2^43 
-.0 3C2: 26 
-.OOrG 75G 
-.COrqcii 
-.0011946 
-.3513372 
-.0313^48 
-.03137C3 
-.0011133 
-.0009803 


& C • P ^ 

.0C25047 

.0023763 

•0C2143Q 

.0018956 

•0QL6309 

•0013444 

.C"r2754 
-.0 C0211 3 
-.0 C0600? 
-.0C09395 
-.0012455 
-.0C13943 
-.Q:14?31 
-.0 C13245 

-.5cii6or 

-.0010220 


/VfOOOA7^CI_l_ DOUGLAS ASTf^O^AUTiCS OOM¥»A^\' - £AST 


"^PREDICTION OF CREEP IN 
METALLIC TPS PANELS 


PHASE III 

SUMMARY REPORT 


NAS-1-11774 


EXAMPLE PROBLEM 2 OUTPUT 

CREEP PREOICTTON COHPUTER PROGRAH 

residual stresses (HPAI 

CYCLE 3 


HEIGHT 
• 0 070 
.0891 
.2393 
.3 095 
.5 397 
.^P99 
.3U01 

. 99:3 
1. u:5 
1.29J7 
i.4i*09 
1.5911 
1.7413 
1.3234 
1.341? 
1. 783? 
1.6963 
1.630? 
1*5846 
1.5617 


?.36 

8.52E-D3 
2.45E-03 
-6.86E-33 
-1.34E-G2 
-1 .95E-02 
-2.35E-02 
-2.43E-C? 
-2.29E-22 
-1.50E-0? 
-S.JlE-a 4 
4.89E-C 3 
5.04E-G 3 
2.33E-C3 
5.566-04 
-1.02E-03 
1.21E-03 
I.54E-03 
5.54E-Q3 


BEAM 


<CH) 


5.71 8.57 

11.4? 

2.886-02 

5.376-02 

8.7CE-02 

1.096-02 

1.946-02 

1.95E-02 

-2.496-32 

-3.306-0? 

-5.476-0? 

-5.0 16-0 2 

-8.496-02 

-1.256-01 

-7.306-02 

-1. 266-01 

-1.806-01 

-8,80E-02 

-1.526-01 

-2.166-01 

-9.33E-32 

-1.62F-01 

-2.296-01 

-8.526-0? 

-1.486-01 

-2 .106-Cl 

-5.81E-C2 

-1. 026-01 

-1 .466-01 

- 3 . 986-0 3 

-6. 92E-C3 

-1.156-02 

1 .656-02 

2.866-02 

3. 916-02 

1 .996-02 

3.416-02 

4.786-02 

1.15E-02 

1.906-02 

2.826-02 

-8.616-04 

-3.096-03 

-6. 256-03 


-9.036-03 

-8.556-03 


2.99E-33 

1.49E-02 

1.87E-02 

mv4i 


2.51E-02 

3.19E-0? 

3.44E-0? 

3.49E-0? 


4.61E-C2 

4.66E-o2 


14. ?8 
I.O0E-OI 
2.92E-02 
-6.87E-0? 
-1.56F-01 
-2.25F-01 
-?.69r-01 
-2.85E-01 
-?,59f-01 
-1.82F-01 
-1.49E-02 
4,816-0? 
5.91E-0'2 
3.476-0? 
-4.76E-03 
-1.40t-02 
1. 306-02 
4,47F-02 
5.57E-0? 
5.94E-0? 
6.01E-0? 


17.14 
1. 136-01 
3.54E-0? 
-8.046-0? 
-1.316-01 
-2.596-01 
-3.106-01 
-3,266-01 
-2.98E-01 
-2,106-01 
-1.71F-02 
5.56E-0? 
6,856-02 
4.07E-02 
-2.23E-03 
•1.276-02 
1.28E-02 
5.216-02 
6.466-02 
6.88E-02 
6.96E-02 


19.99 

-7. 766-02 
-1. 886-01 
-2.74E-01 
-3.31E-01 
-3,526-01 
-3.21E-01 
-2.256-01 
-1. 756-02 
6.096-02 
7.376-02 
4.226-02 
5.49E-04 
•1.30E-02 
1.04E-0? 
5.50E-02 
6.926-02 


7.516 


22.85 

it?ll-02 

-8,076-0? 
-1. 966-01 
-2.856-01 
-3.456-01 
-3.676-01 
-3.346-01 
-2.356-01 
-1. 826-02 
€.346-02 
7.676-02 
4.406-02 
5.54E-04 
-1.36E-02 
1,096-02 
5.73E-D2 
7.20E-02 

hum 


CREEP PREDICTION COMPUTER PROGRAM 
CREEP STRAINS (PERCENT) 
CYCLE 4 


2,86 

. C301882 
. 0001794 
.U0C1636 
. 0001434 
. C001237 
•OCC1023 


. OC 0 3510 
. CC00^07 
.3C0C163 
. 0000450 
.0050714 
. 0000933 
. CCDUGS 

•GQQlOOg 

* 00 OC 860 
.0000776 
.0000704 

• iiC00666 


BEAM STATION 
5.71 

.00C7246 
.0:46913 
.Q0Cc237 
.0005500 
• Q0D 47 38 
.00C3910 

:mim 

. 000 C 801 

-•OOOC515 


-.3304^ _ 

00C*.t ?? 

•-mini 

-.0002965 
’>8€ 
i42 


(CM) 

8,57 

. C012879 
. C012219 
•0010918 
. C009725 
. CQ08370 
.C006901 
.«0D5291 
.1003475 
, 1001405 
.C0C11C3 
. C0D3Q99 
. C004 841 
.C0:6410 
. CZ27ik7 
. T"! ■>7 30 5 
. C:0687l 
. C005975 
.C035264 
0004^6^ 


. CO 


11.42 
.031 6099 
. 00173 97 
. gui F630 

• 03i38?0 

• 0011881 
.0J09786 
. OIC 7497 
. 0304939 
. 03C2013 

-. 0301529 
-. 030 4358 
-.0006831 
-.0309065 
-.0310085 

-. 0008445 

-• 0006368 


14.28 
.0022565 
. 0021575 
• 00 1944A 
.0017193 
.0014777 
- 0D1217C 
.0009323 
.0006123 
.0032495 
-.0001898 
-.03:5417 
-.000 64qf» 
-.0011277 
-.0012586 
-.0012893 
-.0012019 
-.001C506 
-.0009245 
-.0008369 
-.0007920 


17.14 

.0026068 

.0024920 

.0022477 

.0019863 

.0C17066 

,0014049 

.0010756 

.0007045 

.0002686 

.0002193 

.0013035 

•0014565 

.0 jl3827 
.0012142 
•0010684 
•000967? 
.000915? 


19.99 

.0028425 

.0027075 

• OOH 4 OO 

•0021560 

.0018522 

•0015246 

.0011669 

. 0007641 

.0003115 

.0002404 

•0014180 

•0015856 

•0016216 

.0015041 

•0013210 

•0011626 

.0010526 

.0009962 


22.85 
.0029641 
•0028231 
•0025439 
.0022477 
.OG19308 
.0015891 
•cni 216? 
.001)7962 
.0003246 
-.OC025D7 

-.0014785 
-.0 116533 
-•.0 C1690 8 
-.0 C156B3 
-.0013773 
-.0012122 

-imnii 


CREEP prediction COMPUTER PRoCRAh 
RESIDUAL STRESSES (MPA) 
CYCLE 4 


HEIGHT 

.0070 

.3891 


$89§ 
.5397 
,6899 
.84C1 

. 99:3 

1.1435 

1.29C7 

1.44C9 

1.5911 

1,7413 

1.8234 

1.6983 

1.63C2 

1.5846 

1.5617 


2.86 

9.1CE-03 

2.556- 03 
-9.86P-03 
-1.6CE-02 
-2.316-0? 
-2.77E-C2 
-2.93E-C? 
-2.66E-02 
-1.786-02 
-8.786-34 

5.65P-03 
6.81^-: 3 
2.816-03 

1. 556- 03 
-1.326-03 

1.386-03 

2.516-03 

6.476-03 

6.85E-D3 

6.916-03 


BEAM STATION 
5.71 

3.68E-02 

1.07E-02 

-2.786-0? 

-5.796-0? 

-8.45E-0? 

-l.C2£-n 

-1.086-01 

-9.69E-02 

-6.856-32 

-4.946-03 

1.896- 02 
2.28E-32 
1.316-02 

4.896- 03 
1.706-02 
2.14E-D? 
2.296-02 
2.32E-02 


(CM) 

8,57 

6,246-02 
2. 566-02 
2.886-02 
9.806-02 
1.45E-01 
1.766-01 




1.71 
1. 196-01 

7.386- 03 
3.416-02 
4.066-02 
?. 326-0? 
2.936-03 
8,776-03 

1.386- 02 
3.026-02 
3.806-02 
4.08E-Q2 
4.14E-0? 


11.42 

\:um 

-6.726-02 

-1.486-01 

-2.116-01 

-2.536-01 

-1.726-01 

-1.40E-02 

4.566-C? 

5.616-02 

3,386-0? 

-6.116-03 

-9.266-03 

4,706-C3 

4.3CE-02 

5.316-02 

5.64E-0? 

5.70E-02 


\ll-U ’-hill 


14.20 
1.25E-01 
3,676-02 
-8.166- 
-1.826-,. 
-2.616-01 
-3,136-01 

-2.136-01 
-1.6 86 -.0 2 
5.496-02 
6.796-02 
3.996-02 
-4.5 16-03 
-1.1 C6-02 
1.376-02 
5.146-0? 
6,406-02 
6.83E-02 
6.906-02 


17,14 

1.456-01 

4.346-02 


-3.006-01 
-3.596-01 
-3. 016-01 
-3.446-01 
-2.466-01 
-2.076-02 
6.416-0? 
7.926-02 
4.746-02 
-1.48E-03 
-1,316-0? 
B.C9E-03 
6.056-0? 
7.486-02 
7.966-02 
8.046-0? 


19.99 . 
1.52E-01 
5.55E-02 
E-fl? 
E-01 
-3.18E-01 
-3.04E-O1 
-4.09E-31 
-3,716-01 
-2.64E-01 
-2.11E-02 
7.03E-02 
8.55E-0? 
4.97E-02 
-2.076-03 
-1.39E-02 
6.776-03 
6.436-02 
8.04E-02 
8.60E-02 
8.71E.Q? 


22.85 

1.58E-01 

5.706-02 

-9.70E-02 

-2.286-01 

-4.256-01 
-3.866-01 
-2. 756-01 
-2.19E-02 

5.18E-02 
-2. 166-03 
-1.45E-02 
7,076-03 
6.69E-Q2 
8.37E-02 
8,956-02 
9,06E-02 
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MTuuMc? thsci impui ,;iij rpin, tapf:s=inpi)1, tah^6=uuihu n 


niMtfNS HH t^K-^sS (10) 

1 XTf:M»J ( ) 

2 'V S r K A 1 ( 'V ) ) 

3 STKtSS ( 60 ) 

A , X.-ID-t (10) 

5 X ( ?() ) 

6 Z( ?6 ) 

7, STKifSI 21 ) 


1'^ ( lo ) 
y 1 1' ( 60 ) 

-r .vio {/'t 
h ( 6(1 ) 

I PK 1 NT 
, PI 


DXi T i'1 

Y ItMP 
■: ( 6 ) 

Y (60 1 

I'HP r A r 

KCYCi.t 


( ID) 
(24) 


( 4 ) , I'HP TA r (10) 

(10) , KCYCi.t (10) 

|IA0( 10) , <£SSi'K( 60) ,CSrKAi'l(60) 


XfP (20) 

r-oKC ( 60 ) 

o ( ^ ) 

HrTA (10) 
XPUiMi ( 10) 
Yoa (10) 


DHENS lOiv) 

1 

2 

3 

4 , Pi.A'TDOl 10 , 10 ) , P.<rMil-T{ 10 , 10 j 

01 MENS I ON KtSP( 10 , 60 , 10 ) , PS r«AN( 10,60,10) 
COMi-inN pi. AMiJrT ,PK r i-ii JM , 1 i\|i)PL A 


t(U),60) , 

THETAE (20tl0) 
O’^Pl- ( 10,10 ) 
DEFL IN ( 10, 10 ) 


1(20,60) , 

STRANE (lOfftO) , STRESE (10,60) 
OEEi.E (10,10) , I'HEfAP (20,10) 

THET( 20,10) ,RESSIM( 10,60) ’ 


NAMEL 1ST 

/CkEEM/ 


DEPTH 


PHICOK 

f 

PITCH 

f 

FLAT 

INCflK 

t 

r s 


TC 


XI DTH 

f 



N4 I 8 

?ZPNF.\n 

» 

ZPNEQ? 


NZEE 


tZee 

f 

ZEESF 


IFESFl 

3 7. F e F F 1 

* 

HWIO 




4-1 AD 

f 




APkFSS 

f 

TEMP 


OX TIME 


PLUAD 

f 




5ALFN 

f 

X*Mij 


PA-vN ID 


C 

f 

D 

1 


6X TFMP 

f 

NFWCAS 


Y TFi'^P 


EMOO 

f 

E TEMP 

t 

INOOEO 

7 [ Nfmi) 

f 

fMOUJO 


ihdsup 


1 NDPL A 

f 

lN')rr'L 

f 

IND TED 

H ! Nunni) 

f 

I NOEL A 









9(\}CYCi.F 

f 

‘MUMCVC 


I rc IN 


N rcHN 

f 

ecneEr 


r 

AHAKDDP 

f 

tmax 


INCYC 


illME 

f 

lEONTP 

f 

UN TP 

H 1 1. ( ) A 1 ) 

f 

I FONsr 


IMS T 


sec 

f 

NSeCT 

f 

N H 5 e c r f 

c IKFS in 

f 

KESSIN 


ESTIFE 


IND02 

t 

INUSTK 

f 

OETWO 


EDGE 

■UOEi,G 

ZtEEP 


i N I I M E 

,’ <:yci.e 


IDIMEIvl 


C 

C 

c 

c 


LOOP = 0 
NEWCAS=1 

10 DO 20 11=1,75 
20 Z( I I ) = 0. 

OEEADi. r YAI.UES 


IKESin=0 
on 30 0=1,60 

RESSTP( 0 )=0. 
30 CMNriNOE 

Dll AO I. L=l,10 
pi.nAO( I I. ) = 0. 
PRESS! i.L ) = 0. 
40 r EMP( I I ) = 0, 

I TIME=0 
1 I- ON r P = 0 
1 1NTP = 0 

(I) INPN = 0 

ILUAn=0 
IE0i'IST=0 
NTCON=l 
ircoN=i 


))( 1 J=l. 

IN 0 rF 0 =O 


IPSC 
ti’SC 
IP sc 
I P s c 

IPSC 
I P sc 
IPSC 
IPSC 
TPSC 

rpsc 

IPSC 
IPSC 
TPSC 
IPSC 
IPSC 
IPSC 
IPSC 
IPSC 
TPSC 
TPSC 
TPSC 
IPSC 
TPSC 
TPSC 
IPSC 
IPSC 
TPSC 
Ip sc 

IPSC 

IPSC 

PSC 

IPSC 

TPSC 

IP sc 

IPSC 

IPSC 

Ip sc 

IPSC 
TPSC 
I PSC 
TPSC 
I p sc 
TPSC 
IPSC 
IPSC 
IPSC 
TPSC 
IPSC 
TPSC 
IPSC 
TPSC 
IPSC 
IPSC 
IPSC 
TPSC 
IPSC 


10 

20 

30 

4ij 

50 
6 0 
70 
0 0 
00 
lUO 
110 
L20 
130 
140 
150 
160 

1 70 
IdO 
100 
200 
210 
220 

2 30 
2 40 
250 
260 

2 70 
2i)0 
200 
300 
310 
320 
330 
340 

350 

36 0 

3 70 
36 0 
30 0 
400 
410 
420 

4 30 
4 AO 

45 0 

46 0 

4 70 
46 0 
400 
500 

5 10 
520 
5 3o 
5 40 
550 
560 
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c 

c 


c ( 1 ) = I . 

(MO TKI =0 
Jlgl)i ill) = f) 

INnSt)M = 0 

I iM<; V(> t 

FHi)H A-f) 

I '|i)S lK-0 

I = 0 

S=1 . 

I Nl)rti) = 0 

INDMI. A = 0 
DEHf H=0, 
MF TCH = f). 
FI. Ar = o. 
FI)GF = n. 

r s=n. 

TC = 'i . 

XL GT H=0. 

TK = (), 

KFhFLG= 0. 
ZPNFI)l=n. 
ZPNF|)? = 0. 
T Z F F = O , 
ZFFSF = i). 
ZFFSF F = 0. 
ZFFFF=0. 
ZEEFF1=0. 
Hwii)=n. 
m)FH = 0. 
HKAU = 0 . 
ALFN=0. 
PAN'i(Fi) = 0. 
Fi'ini)? = 0 
FNOPi. A=0 
[)( 2 ) = (). 
n( 3 )=o. 


mil'll Gf = ri.o 
N<;r Ai = 6 
nsfc r= 10 

SFC=ln. 

NPSFG T = 6 

RFAO (5,1700) AMI ,AM2 ,Ai'H,AM4,AM5 
KFAO ( 5.CKFFP ) 

WKI TF(6, CHEEP ) 

)'isFcrf=MSFcrf5 
NSEC T1 =MSFCT+l 
1 F( 1 i.iiAD .'\iF .0 ).;u rij 6 ) 

DM 50 LL = 1,iMTFMF 

PI-MAIK LL ) = PLMAi)( I 1 ) / . 3->9 

Pl<FS5( i.L ) = PRESS1 I. L )/68SI4.H 
50 CMi'irFNMF 
60 CUiMTlNUE 

FF( FOIMFi^ ,i\lF .0 )Gil ri) /o 
DEPTH=OEPTH /?. 540005 
PirCH=PirCH /2. 540005 


1 P 5C, 1(0 
lose 5H0 
IPSC lOo 
Ip sc 600 
I P S I', 5 I ■ 1 
IP SC 6P0 
I P S C 150 
IP sc 6 40 
I P SC 55 0 
Ip SC 660 

rpsc 6(0 

TPSC 680 
Ip sc 600 

TPSC 700 
IPSC (10 
TPSC (20 
IP SC (50 
TPSC (40 
IPSC (50 
IP SC 7 60 
IPSC ((0 
IPSC (80 
IPSC (00 
IPSC 8 00 
IPSC 810 
TPSC 8 20 
IPSC 8 50 
IPSC 8 40 
Ip SC 8 50 
IPSC 860 
TPSC 8(0 
TPSC 880 
IPSC 800 
IPSC TOO 
IPSC 010 
TPSC 920 
IPSC 9 30 
TPSC 9 40 
TPSC 950 
TPSC 960 
IPSC 9(0 
IPSC 980 
IPSC 990 
IP SC 1000 
IPSC I 0 10 
IPSC) 020 
IPSC1050 
TP SC 10 40 
IPSC ) 050 
TP SC 1060 
Ip SC 10 (0 
TPSC I 08 0 
TP SC 1090 
TPSCl 100 
Ip SCI 110 
TPSCl 120 
TPSCl 1 3() 
TPSCl 140 
IPSCl 150 
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p I ft r = F I. A r 
= HlHtF 
f 5= IS 
TC= TC 
rn= Ik 

XLCi lH = xi. r, th 
K i i; = K [ 
ZK<')f^ni = ZKNff(.)l 

TZEfc= tzh.e 
Ze^SFl=Zb^Sf=l 
ZEEFF=ZEEFF 
ZREFFl^ZEEFr I 
i^win=Bwn) 

KI)FP = ^^i)EF 
KKAH=BK AD 
ALE'M= 

PAiM J I D- P ANW 1 1) 

ZEESF= ZEESF 


Z;^ .SAOn )‘> 
/? • SAODOb 
">■^00 
‘;i4f)i)nS 

? hi)'" ) 7 
S K 0(1 0 ‘-I 
b'+i)0 
t>A0O0*> 
*? ■ > ( ) O ) ^.5 

t>Af)f)Ob 
b VOU )D 
/2.54000‘? 
/;?,^40()Dr> 
/2. ‘34000*3 
/2.b4000ti 
/2, 540005 
/2 •540{)05 
/2 • 540005 


/P. 
/P, 
/P . 
/P. 
/P . 
/P, 
/P. 
/P, 
/ 2 , 


70 


KO 


9 0 
1 00 


C 


DFPlri , TK 

NCU'< T Fi)i;-5 
ZFNEDP f ZtEFFl 
0 7 , PAiNi^IO 


READ; INOrtO = 1 


1 10 

I PO 

1 30 

140 

1 50 

160 
! ZO 
180 


/2 .5^^f)()f)5 

ESr IFF = ES TI FF/{ 2 . 540005 ^'^4 • ) 
cn'\o' i'\iiiF 

IF( XI.GTH.EO.OUMt GT ) GO TO 100 
tjX = XL(;rH/( 2.=:>iMsO T) 

DU an 1 = 1 ,NSr A T 
X( 1 ) = I =?')X 
l)tlMI.(;T = XI.UTH 

nn ‘10 I i = i ,msi'at 
ipa iwTi in = II 
xpxiNri u ) = iPKiun n )>:=i)x 
CALL’ UPllUl IMDGtll , 

IrtlaF'.G , fS , rc , 

2TZ6K , N7EF , ZFnEDI , 

3ZHESP *A fY f 

^ HSFC1 , SFC , h ) 

IF( S.i. I" .0. )GU fU I7‘f0 
CAI Clip A T1 ni'l (JF GFIlrtETKY OF 
I F( I ND-G) ,EU.O ) Gi I f 1 1 •>20 

HI = SUP 1( HKAI)-'=^2 - ( .G-aWIl) )'i‘=!‘2 I 
AixIGi.p = o.^n/( 2 .n>:=H I ) 
alpha = ATAM( AfvIGI. t; ) 

AKFAHIl = AHS( .2*ALPHA-0<AD>:‘f S ) 

RIH SUPPUkT GFHi'lfcTKY; 1HI)I,E0 = 1 
CURPUGAr lOH SUPPURf GEU'lEflY; INOGEU = 2 
ZEE SUPPORT GFfi.viETRY; iwiKiEU = 3 
I F( i.\!i)i',Fu - 2 ) no T 1 3 1 , no 
AlUSFC I )=A( IMSEC T)- TS*i3WII)«(NRIH-l ) 

DU 120 i=.3SEc r I tUsEcrr 
A( I )= ARFARi)--::( t\lK I K-1 )*2. 

Gu rn I?!) 

A( MSEC T )= A( NSEC T )- TS-HW I O-NCUR 
on 140 i = 'iS“cr 1 .usEcr r 

A( I )=ARFAhl)>H\lCUK-2. 

GU ru 17 t) 

A( USEC 1 ) = A( NSFC T)- TS *GW I 0 * ( NZ EE- 1 ) 

on no I ='MSECi 1 ,NSEcr T 

A( I » = AHEAMI)‘!=( NZEE-l 

on IHO J=|'(SEC r I ,NSFC f I 

BE TA( J )=( 1 . lO-U-NSECT IyALPHA 

IF{ RRAO.GI .0.0 ) GD fU 200 


f liRIH 
, PHICIH , 
, Z.EESF1 , 


PI TCH 

.-LAI 

ZEEEE 


» 


t 


IPSE, I 100 
IP SGI 1 (i) 
IPSC 1 LOO 
IP SGI 1"10 


P sr. 1 2ni) 
P SG 12 10 
PSC1220 
P SGI 2 30 
P SGI 2 40 
PSGl 2S0 
P SC 1260 
TPSC1270 
VSC1280 
PSC12G0 
P SC 1300 
P SC I 310 
P SC 1320 
PSCl 3S0 
P SC 1 3‘tO 
PSCl 3S0 
PSCl 300 
PSCl 3/0 
PSCl 330 
ESCl 3V0 


iPSC 1 400 
Ip SC 1410 
TPSC I 420 
IP SC I 430 
I P SC 1 440 
TPSCl 460 
IP SC 1460 
IPSCl 4/0 
IPSC I 43 0 

rpsc 1 400 
ipscnoo 
IP sc mo 
rpsc n 2 o 

TP sc lb 30 
Ip SC 13 40 
IP SC 13 30 
IPSC I 360 
TP SC 13 70 
IPSC1330 
TP SC 1300 


IPSC16i)0 
I PSCl 6 10 
IPSC 1020 
I PSCl 0 30 
IPSC 1640 
TP SC I 630 
IPSC 1600 
IPSC16 /O 


P SC 163 0 
TP SC 16‘70 
IPSC I /OO 
TPSC WIO 
PSCl /20 
TP SC 17 30 
IPSCl /40 
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X X 1 = y ( I'j s I- c n + H 1 

on i')o < = i ,''is-:cr r 
190 Y( K ) = XX l-xx?=i=cns( Hh Trt( < ) ) 
on fii -^^1) 

zoo XX 1 = V( wsi-C 1 )-Hl 

on ^in L = 'js-^cr 1 I 

ZIO Y( L )=XX1 fKKAI)^:=CnS( KtTA( I I) 

C CALCm. Al‘ I Ili'l Or ShCrilH P-lnJF><ri^S 0'^ 

?20 MA'<fcA = iMSl-r. T 

IFlINimO.AlP.o ) iNlAKFA='JS^Cr r 

AY TOT = 0.0 

A TOT = 0,0 

AYYTOT = 0.0 

on P.30 .MltnAKFA 

AYTnT = AYTOT + A( J J*Y( J ) 

Afn 1 = ATI) T + A{ .1 ) 

P30 AYYTOl = AYYTOT + A ( J ) * ( Y ( J ) <=*2 J 
YiTAR = AYrnT/Alnl 

XI = AYYrul - ATG T«{ YBARX<«2 ) 

^ on iij-jo i = i,nsi'AT ~ 

cc — OFAiT sFATinn i.iior ~ 

c 

I nnRrA = u)ilP4-l 

TF( 1 01 ARM.FO.O )GII TU ?bO 
9R I r (:' I 6 , u /') ILDiJRC A ,X ( 1 ) 
on in 200 

2*>0 SOB'irx = X( I )>:‘2 .5A 

WKI ll:(O.l 770)l.nUHCA,SUBSTX 
200 C'lnr inOF 

IF( IkFSin.nF.n )GU TO 2Bo 
on 270 .)= I ,-\IARtA 
270 RFSSTri ,1 ) = RFSSIN( I ,.l ) 

2 -K) cnnr inoF 

Tlr-IFI = o.n 

r inF=(). 

C CAl.mi. A T1 (IM OF TFHPFKATURF AS A FIJlMCTinN OF BEAM LENGTH 

I F ( I mdTFL . 1:0 . I ) Ul) TU TOO 

TEilPFKA lOKF CALCULATED VIA EQUATIlJN; INOTFL = 0 

EOllArilH TEl’HOl) IS ALSO USEO IF f EMPF < A)' IJ <F IS GUNS)' ANT 

XT|i>( I ) = C( I ) > C( ? )>i=X( I ) + G( 3 )*X( I )«*2 + C (^)=i--X (I )»i=*3 
GO fn 310 

TFHI^EKAlUKE CALCULAltO VIA T A BL E- LUnKOP ; INOTFL = I 

Too X I N = X( I ) 

CALL Trtl.KPI X TEMP, 1 , X I N , 0 . 0 , X IMP , IE ) 

XTP( 1 ) = XI TP 

IFIIF.NF.O) WRITE ( 6,1780 ) XIN 

Tin cnwr inue 

CALCULAlinN OF TEMPERA TURF AS A FUNCTION OF BEAM DEPTH 

1 F( inoi'FO.EO. I ) GO ru 330 

temperature calculated via EOUATIUN; INOTFO = 0 

EOiJArinn TETHnO is also used if TEMPERAfURE IS CUNSrANT 

on 320 J=1,NAREA 

320 YTP(J) = 0(1) + U(2)':'7U) + 0( 3 ) x-T ( J 1 4'=>2 + 0( -f) *Y ( J ) * =X3 
GO Tn 360 

C rFMPERATURE CALCULATEO VIA )' ABLE-LnOKUP ; iNDi'FO = I 

330 on 3A0 J=l,NAREA 
XIN = Y( J ) 


IT' Si, I / TO 
IP SC] 7 60 
IP SC I / 70 
Ip SCI 760 
I P SC 1 7 in 
IPSCI BUI) 
IP SC 16 LO 
TPSr, I«PO 
IPSC IT3.) 
IP SC. 18 60 
fPSC 1860 
TP SC 18 60 
IPSC18 7() 
TP SC 1880 
(P SC 1890 
IP SC 1900 
Ip SC 19 10 
IP SC 19 20 
Ip SC 19 30 
I p SC 19 60 
IPSC I960 
TP SC I9 60 
1PSC19 70 
IP SC 1980 
IP SC 199 0 

ipscponn 

TPSC2010 
TPSC2020 
IPSC20T0 
TP SC 20 60 
IPSC2020 
IPSC2060 
1PSC2070 
IPSC2080 
IPSC2090 
TP SC 2 TOO 
TPSC2 I LO 
IPSC2120 
IPSC2 I 30 
TPSC21 A() 
IPSC2160 
TP SC2 1 60 
TP SC 2 I 7() 
(P SC2 180 
IPSC2 L90 
Tp SC 2 200 
IPSC22 10 
TPSC2220 
I P SC22 TO 
TPSC22 60 
TPSC2220 
Ip SC2260 
TPSC2 2 7 0 
Ip SC 2 280 
TPSC2290 
T P SC 2 300 
TPSC2310 
IP SC 2 320 
IPSC2330 
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c 


3h() 
3 70 


C 

C 


CA'.i. ,1 ,x !>(,(). f),Yri-it>,iH ) 

Vlh>( .1 ) = YTMH 

oniinh^'’’ ‘ 

r.rii'tT 

CAI_CUI./\ j 1 MM (IP rnlAI. P -Ipt-KA ri)l<FS AT 

nn .•</() x-i.'irM- 

(Jl) 36() L = 1,WAKPA 

f(<t'-) = THMM( < I )-Y MM I ) 

COM Ti ImMP 
COMT IMMP 

CALCULATIUM DF MUDULUS (JF ELASTICITY 
IF( INMMMD.FIT. I ) MU I'U ■'+00 
MDOUL us of F L a S T I C I TY C a L C III. A TE 0 VIA 


X AMI) AT aMY time IM THE 


3hM 

390 

C 

AOO 


4 10 
4P0 
C — — 
430 


C 

c 

c 


440 

450 


EOLIAriOM met HUD IS 
DU 390 K=1,NTIHE 
DU 3H0 I =l •MA'Tt^A 
E( K ,1. I = FCUEFFI 1 I + 

1 ecmpff( 4 )*r ( < m m=«3 
CUM T I HUE 

00 fU 430 

MODULUS OF ELASTICITY 
DO 420 <= I ,M r IMF 
DO 410 L= 1 .MARFA 

1 I M = r ( < , L ) 

CALL THLRPI E TEMP, 1 , TIM, 0 
t ( K , L ) = Fi-liio 
1 F(IF,hIE,o) write ( 6,lLior) 
COM r I MOP 

CALCULATIUM OF MOMENTS AT X 
CUMriMUE 

IF( ILOAD.ED. 1 IGU TO 450 
DO 440 <=l,Mf[i'IF 
DU 440 L=1,MAREA 
E( < ,L ) = F ( < ,1. )/6H94 .H 
CON II MUE 

PLATE SULUTIUM 


EOUA TIUN; IMDMOD =' 0 


ALSU USpi) IF MODULUS IS CUNSfAMT 

ECOEFFI ? H-TIK.L I * ECOEFF.l 3 ) => T( K ,L) **2 


CALCULATED VIA TArtLE-LOOKUP ; INDMOD = 1 


0 .EMUD, 16 I 
) TIM 


-XNU*XNUJ ) 


IF( INDLDD.ED. I ) GCI Tl.l 630 
I F( IMOPl. A.EU.O )(,ll TU 560 
DEnMF = Xl/PAMWII) 

IF( IM002.P0.1 IGU lU 4 t 0 
DE I'-'TI= TS*rs-TS/( 12.*( 1 

460 CIIMT IMUF 

IF( XLGTH.GT.PANWIO IGU TU 560 
IF( DETWU.GI .OPIIMF )i;u i'll 66() 

SULUTIUM rUR i.FRHMITSXII MAX TUMEMt' 

Dr A T = OPUMF /i)F f i,ji j 
IF( DRAT, GT. 26, H;u TU 520 
ELF'<=( PAMWID/XLGTH )«( IPUMF/oFrwU l>X:i=,25 
}F( ELE<,GE, 1 ..AMI).ELE<,L T, 1 .5 IGU TO 470 
cl TO 450 

IF ElE<.GE.2.0. ANU.ELEK.L T.2.5 IGU TO 

Tcl TR.U* .3.0 I GO TO 

IP f'-E<.f»E.3.n.ANn.ELE<.L T.5.0IG0 TU 
I F( ELEK.GE .5 .0 IGU fU 520 


I P SC / 340 
TPSC2 35(1 
IP SC 2 360 
IPSC23/0 
IPSC53’i() 
CYCL IPSC2 390 
IPSC24i)(i 
IPSC2 4K) 
IPSC2420 
IPSC24J0 
Ip S(^ 2 4 40 

AS A FUlMC MUM UF TEMPERA TUKE IPSC2450 

IPSC2460 
TPSC24^0 
fPSC2460 
TPSC2 490 
iPSC2500 
TPSC25 10 
IPSC5650 
IPSC25 3II 
IP SC 26 40 
TPSC2550 
IPSC2660 
TPSC25 10 
IPSC2350 
TPSC2590 
PSC2600 
p SC 26 10 

AND TIME IN THE CYCLE; INDLUD = 1 (PUIIPSC2630 

IPSC264U 

IPSC2650 

IP SC 2660 
IPSC2670 
Ip SC 2651) 
rpsc269o 
IPSC2('()0 
TPSC2M0 
IPSC2/20 
IPSC2T30 
IP SC 2 160 
TPSC2/50 
IPSC2 /6D 
IPSC2/I0 
IPSC2 T'JO 
TPSC2790 
IPSf.2500 
IPSC26 10 
TPSC2520 
IPSC2H 30 
Ip SC 2 5 40 

TP SC 25 50 
IPSC256(J 
IPSC2H70 
IPSC2550 
TPSC2590 
IPSC2900 
IPSC2910 
IPSC2920 


490 

500 

510 
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4 ^1) 
4 HO 
4S)() 

son 

sio 

S20 
*5 30 


540 


<M(I1 1 - .n3^H-( .0 )‘M .l)3'iH-.0^ »0 )/ • ]> 

XMi|?/'=.0/<’H-( 1 .‘’-HI. )';■( , 1 ) f?H- ,n )/.5 

on fll 5 30 

XMlil l = .O?80-( El. lEK-l .5 )-( 

Xi3l|3;>= ,0444-( .0-f-_i.n< ) M 

(;n HI 5 3o 

XMUl 1= .Ol74-( ELEK-2.0 )=M, 

XMH?2 = . 1 lon-( 2.5-ELFK )-( 

XMIJI V=^no9y-( El.EK-2,5 )*( .0090-. 0055 )/.5 


,(l2HO-.Ol74 )/.5 
, I } ? i-)4 - • 0 / 3 3 I / •5 

.01 /4-.0079 )/.5 
. I I 00- ,0964 ) / .5 


XOU22= . 1 172 
on TO 530 


■( S^d-tCEO-l ,U i'2-. I 100)/. 5 


Ei.EK-3,0 ) i-l .00 5 5-. 0004 )/2.0 
5,0-El. EK )*( , 1245-.ll72)/2.0 


OEiJNE/OE TWO )<‘'S‘.5 I >i‘<EO Th-sXi.OTH 


Xi3l)l 1= .0055-{ 

XMI)??=. 1245-1 
GO rn 530 
XOOl ] =0.0 
XMI)72= . 1250 
cni'ni''i'iE 

XI F<H=1 X3022 + Xi3Ul l*XW )=M 
Sl)f3PHX = 0. 

,SIHPKY = 0. 

SI)i3XlN=0. 

SIMY1'I = 0, 

.SD"1X/I< = 0. 

,S'HY/8 = 0 . 

XMH=1. 

Cn'\lf I O' IE 

ALSMBM=XHM=:‘3. 14 1 59>i=PftNW I U>i=.5/ XLG TH 

XI A'3llA = l:Sf lrr/( XI.Gi'H=:= )-i)'!E ) . 

Hs ii'i= lANiK alsubk j / ( scmr ( i , - tanhi alsuhm) *tanh i alsubmi 1 1 

HC'lS'= 1 . / { So < r ( I . - f ANHl ALSUt3"1 ) *l ANH( AL5IJH3 ) ) ) 

P T1 = Xfl',l=;=l 1 , + XMll )>:olS Ii'l 

pr ?=X'\iii>?( I ,-x 311 )-ii.:u<; ;>AE SHU T 

P TH= 2.=:'HC0S+AI. Sim -l'fHSlN 

P r 4= ( 3 . + X jll ) "1 I . - X'3U ) ^Ois 1 N-3HC0S 

PT-3=( 1 .-XiviiJ )-..«2 . =:-Al. SUOM 

Pr6=2.3=X0-l-3. 14 I 594XL \3i)A-=OCnS**2. 

PW = XWi)=:=( l.-XOU )<^HSIN 

Pf H = X03-3. 14159*X'. A3 ) \«o:i)S 

P l9 = 4./( X:3.'l=?3. 1 41 59 1=:'*5. , . 

AM = P f9-( P r l-P T2-X‘l3-:‘3. I 4 159*XI. A'H)A=J‘P f3l/(PI 4-Pt :> + Pt 6) 
BM=P 19 ?( P T 7+P 18 ) / ( PT4-P l5+P T6 ) 

Pf 10={ X'-H=.-3. 14 i5o/xi.i;rn I 
PT 1 1 = P 1) 0*P TlO 

PAiu x=pf 1 1 =x( p i'9+ A3 )-s [ I'll p r 10 =;‘XlGTH/2 . ) 

PAP 1Y = ( PI 1 1 *A3 + 2 . *BM=-P r 1 1 ) *S I N( P T10=5‘XI.G TH/2. ) . 

SUOPPX = S'HPPX ^P A'< r X 
SU3PP.Y=Sl)HPKY + PAK lY 
AM/FPI) = pr9-:-{ pr l-P r 2 )/( p T4-P T5 ) 

HHZI-PII=P 19*PT //( P14-PT5 ) 

AHiioEi3 = -pr9*pr3/( 2 . :us-h:us ) 

Hi31iMPM=P T9/( 2.=;=HCUS ) 

P AKX I M = P r I 1 p f 9 + A3 I 0-0 I <=S 1 13 ( P I 10‘1‘Xl.Gl H / 2 . I 

PAPYII\|=( PH l*AI3INEN + 2.=:-KHIMEl\|4PTll ) »S 1 N ( P 110*XLGTH/ 2 . ) 

PAPX7P = pril-(pr9 + A3/EOJ)-SIi3(PriO'!‘XEGiH/2.) 

PAKYZR=( PTl l=XAi3ZER(J+2.*Hi3ZERO»P Tl I ) *S IN ( P T10*XLGTH/2 . ) 
SI)’3X1N = SIHXIN + PAKX I'M 
SUM Y I N= SUM Y 1 IM+ P A K Y 1 N 
SUMXZR = SiJ3XZKt-PAKX/.R 


1 1' SC, 29 30 
IP SC 29 40 
IPSC 20 >0 
IP SC2960 
IPSC20 lO 
rPSC2980 
Ip SC 299 0 
TP SC 3000 
IP SC 30 10 
IPSC3020 
IPSC 3030 
IP SC 30 40 
IPSC3O50 
1PSC5060 
IPSC30/0 
IPSC30H0 
(PSC 3o90 
IP SC 3 100 
1 P SC 3110 
TPSC3120 
IPSC 31 30 
IP SC 31 40 
TPSC3150 
IPSC 3160 
IRS-C i| I'll 
IPSC 3 1 80 
I PSC PI 90 
IPSC32UO 
I PSC 32 I 0 
TP SC 32 20 
TPSC32 30 
I P SC 32 40 
IPSC 3250 
IPSC3280 
TPSC 3? /() 
IP SC 3280 
IPSC 3290 
IP SC 3 300 
rpSC 331(1 
TP SC 3 320 
IP SC 3 5 3(1 
IP SI. 3 340 
IPSC3350 
IPSC3 3oO 
I P SC 33 lO 
I P SC 3 38 0 
IPSC33vn 
IP SC 3400 
I P SC 3410 
IPSC 3420 
IPSC 3430 
IPSC3440 
IP SC 3450 
IPSC3460 
IPSC34/0 
1PSC3480 
IPSC3490 
I PSC 3500 
TPSC35KI 
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^60 


5H0 


ox/^.o) /2.o^- 


590 
< S ()0 
C 


6?n 
c 

63n 


6^0 

^50 

660 


Sli'^Y/>< = St|-»Y/K4-F>AKY/K 
IP( XMM.FO, 7. )r,n TO 550 
K'A^=Xi^‘A^/ , 

GO In SAO 

X r I ’'I n= ( X i 7 I i-n;- :• , ) ;,: ( f s J ^ ^ J 'i- S i J ^ P < / ) 

/ XI.I, hi=;' :=A. )-i +M) .!< |i-l-Xi\JU*SUMyi.N) 

ciiwn .5uif ^ ‘ • 1 XL I n mli- t i mu i n ) / i t i muzk- t i mu i n ) 

HUfxeNlS’KUK FKItSSUKE I U/IDS 
BEAM WITH simple SUPpIxi'S 
DU 580 M=1 .NTIME 

XMOM(M) = ( PBESSI M )=S=Xi OTH=M X( I ) - 
1 (XII) - DX/2.0 )*«2 )/2.0 )«PANWIO 
IE( INDPl. A.EU.O )(;ij ru 560 
IF( XI.OTH.GT.paNWII) U,U TU 660 
1 E ( OP I 'Vi ) . i; r , |)E I )''JE )' P ) ro 660 
DU 590 M=1,NTIME 

XM I 00= Ppf SS( M ) - Xl.orH^‘<l.6 r O'XP ANW I 0/8 . 

nn )^EANWID*^XM0M(M )/XMIDM 

DO 600 M= I r [ 

PK TMIIMI I ,M ) = XMUM{ M ) 

r,n fu 6 60 

BEAM WITH FIXED SUPPOKTS 
X X I = I X r H / 2 . ) * ( X I I ) - ( X ( 

1)11 6?0 M=1 .MTImF 
XMIIM(M )=Pi<ESS( 'M )=:=XX1 
OU 1(1 660 
MU'IFNTS FUK PUliVr 
un 650 K=1,NTIME 
I F I X ( 1 ) .'_ f . ALE'XI ) GU I') 66 ) 

XMIIM(K) = PLUADI K )«ALtN/2.0 
GO III 650 
XMUMI K ) = 

CUMf IMU 


)■-=-?. )/XL';fH-<LGrH/6,0) =XPA'\IWI0 


iJJAOS 


PLUAOl K )«( XI 1 )-nx/2. )/2. 


CU'-'I TI ^ll)F 
onhjrx = o 

CALL 1 r Hi)M( c , 0 

T XI , E , MflMF 

2S1KAME , TMETAE , STkESE , YNA 

3 MSECf , nci)i\j ) 

IF( IUDELA.FU. I ) GO TU 1550 
I HF r =n ♦' 
on 670 J= 1 .nARFA 
6 70 CSrRA<M( J )^0.0 

IF( ILflAD.EO. 1 K,U Tl) VOO 
DU 690 <1=1 ,i\ir IMF 
WB I IF ( 6 , 1 820 K 1 
WPI lEI 6, 18 50 ) 

DU 680 ,)= 1 .nakfa 

SUBArAl J )S'2.56=i<2.56 
SUBY= Y( J )*2.56 

SUHSfK = S rpESEI <1 ,,l )-6. 8968/1000. 
WK n F ( 6 , 1 86 () )j , SUHA , SUHY , SUHSTR 
68 0 CUN r lMi)F 
690 CUNTIUUF 
GU ru /30 
700 CUNTINUF 

l)U 720 Kl-l,'VriME 


NAREA 

A 

I 


XMDM 

l)X 

LNDTFD 


, YBAR 
. OY 
t iMTCUN 


IPSC 8t2() 
IP St; 35 30 

Ip sc i8 60 
Ip sc 38 60 

ipS(;3->.,() 
Ip S(, 85 /() 
IPS'; 38 80 
Ip sc 85 90 
IPSC 3f:>i)() 
IP SC 36 20 
IPSC36 30 
TP sc 36 60 
IPSC 3650 
rPSC3660 
IPSC iij/0 
Ip SC 3680 

IPSC 8-,9() 
IP SC 3/ 00 
IPSC 3110 
TP SC 3/ 20 
IP SC 3/ 80 
IP SC 3/ 60 
rp SC 3/50 
TPSC3/60 
IPSC 3/ /() 
Ip SC 3/80 
IPSC 3/90 
IPSC 3800 
Ip SC 38 10 
TP SC 38 20 
IPSC 38 80 
Ip SC 38 60 
Ip SC 38 6 0 
TP SC 38 60 
IPSC 38 /() 
fP SC 3880 
Ip SC 38 90 
1PSC3900 
IPSC 39 I 0 
IPSC3920 

Ip SC 39 80 
Ip SC 39 60 
IPSC3950 
IP SC 39 6 0 
IPSC39/I) 
IPSC 3980 
I P SC 3990 
IP SC6()()0 

Ip SC 60 II) 
IP SC 60 20 
Ip SC 61) 80 
TP SC 61) 60 
IPSC6050 
TP SC 5060 
Ip SC 60 /O 
IP SC 5080 
IP SC 5090 
IPSC5100 
IPSC51 10 


C-8 


MCOO^SltEi^L. OOC/GI.^S AS'ilRO/VAC/T’fOS C€>t¥9f^Jk9^^ - EAST 



cnooon oon ono ono 


^^PREDICTION OF CREEP IN 
METALLIC TPS PANELS 


PHASE III 

SUMMARY REPORT 


NAS- 1-1 1774 


'/'< I n ( '■>, )< I 

WK I Tl ( 6 , IHbfl ) 

IHI ^i'l J= I . 

no WK I IH( 1 H40 ).) , A ( ,i ) , Y( J ) ,s IKKSEI Kl , J ) 

/?o cii'; I 1 Nijt- 
7 30 CON riMDE 

on IS''*!) <<= I , -I'.YCL : 

— CYCLE !.(II)K 

on 1530 <1 = 1 ,'jrii'iE 

- — fKAJEC f 1J|<Y 5I'CP l.DOP ■ - 

r I -I K 1 = n A c 

TIhE =((<< - l )^=DX TIhF( iviTIME ) + OX TIME (K1 ) )/6Q. 
IE( <<.-0. I .A '10 .< 1 .F'J. I ) io fl) /?>0 
IE( lIvlOi.lJD.EO. 1 ) OiJ Til 740 

The 1aT( <l ) = SA7rHt>i'KKESSl <1 )*T( Kltl )*( \ [ A>^-i Mrl) 
. . l/(SAVEKS=>SAVTMP>^TIMHFK)-t-THETAE( I,Kl ) ' 

on rn 7So 

740 THE r A T( K1 ) = SAVTHE=:=MLUAO( <1 ) •<= T( K 1 , 1 ) *( TIME- TIMED 
1/1 S A V. I IO*S A7 I 3 7 =;= r I MHr < ) v fHt T AE t I » < I ) 


750 

750 


770 

7H0 


790 

8 t )0 


aio 


CnoT 1 M'JF 
on rn 7H0 
Cnn 1 i MHE 
AYNAC= Y'\IA( <l ) 

theta T( K1 )=2.*THETAE( I »K1 ) 
on 7 70 J=1 ,|'IA<Ea 
S TKESS( J ) = S TKESEI K1 ,J ) 

Cnnf loiJE 

TI3HER= riHE-TIMEl 
F IKS 13 = 0. 

F 2 = O . 
crii'if I HOE 
X31=0.0 
FH Ai =0 , 

rnTFnR=o. 

on 1340 J=1,3AKEA 

AS)KAT(J) = THEFaTC Kl )4'( aYNAC - 

1 Fi FOAL ,Eo . 0 . )i;n rn a xo 


YlJD/rjX 


501 1 


820 Cnofl'MHE 


DTEKATION FilK .STKESS 


SK'>M = o. 

L=1 

STkF5( ) = SI KES5( J ) 

1F( I IHTF.EO. lEiONTP )(ii) TO 850 
1 F( 1 Fonf P.70.0 )ioi rn 340 
X3=((9./5.)*T(K1,J J-459.67 J/IOOO. 
•on rn 850 

840 X3=((5./9.)«(T(K1,J)-3459.57 J/1000. ) 
on Tn 850 ^ . 


IPSC4120 
IPSC41 30 
I p Si. 41 40 
iP.SC4l 40 
Ip SC 4 I TO 
IPSC4] 70 
IPSC41 -lO 
IP SC 4 1 90 
TPSC4200 
P SC 42 10 
IPSC4220 
TP SC 42 30 
rp SC 42 40 
rp SC 4250 
IPSC4Pi)0 
Tp sc 42 7 0 
Ip SC 478 0 
Tp SC 4290 
Ip SC 4300 
1PSC43J 0 
Ip SC 4320 
TP SC 4 3 30 
TPSC4340 
IP SC 4 340 
IPSC44rjO 
Tp SC 4370 
Ip SC 4 48 0 
Tp sc 4390 
I P SC 4400 
IPSC4410 
IP SC 4420 
Tp SC 4430 
IPSC4440 
Ip SC 4450 
rp SC 445 0 
TP SC 4 47 0 
IP SC 4480 

rP5C4490 

Ip SC 4400 
1PSC44 I 0 
Ip SC 44 2 0 
TP SC 45 30 
(P SC 45 40 
TP SC 44 5 0 
IPSC4450 
IP SC 458 0 
TPSC4490 
rp SC 46 00 
IPSC4510 
Ip SC 47^20 
Tp SC 44 30 
TPSC 4b 40 
TPSC4550 
Tp SC 45 60 
TPSC45 7u 
Tp SC 45 80 
lPSC4b90 
TP SC 4 7 00 
IPSC47 10 
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n*>f) 

H60 


870 


xH=r(<u,i)/i()oo. 

CONTlWtlb 
X*>= I . / 

X8=AL()';( X8) 

XI l = X‘jv:X'3 
X1?=X!j*X I 1 
X3\=X3»X3 
X3? = X3=:=X31 
X33=X8*X8 
X3^=X8=J‘X33 

IF(HAKi)nP.bQ.2. )GIJ ru 1000 


TIMt HARDENING THEORY OF CREEP ACCUMULATION 


I E( I .NE . I )Gl) fij 9 00 

X4= Time 

X4X=riMEl 

X6=ALHG(X4) 

IF( I IMEl .EO.O. )GU fO 880 

X6X= ALHGI X4X ) 

GO ri) 890 
880 Xf<X = o. 

890 coNrino'^ 

X27=X4=;-X4 
X27X= X4X>i'X4X 
X2H = X4^=X2 I 
X28X = X4X=:=X27X 
X29 = Xb.oX6 
X29X = X6X=;<X6X 
X30=XO=;--X?9 
X30X = XiSX-;*X29X 
X3h=X3-X6 
X3hX=X3*X6X 
X38 = X4.;:X8 
X38X=X4X*X8 
X40=X6«X8 
X40X = Xf>X=:=XH 
X42 = X8^=X8 
X42X = XS=::X6X 
X48 = X 3*X4 
X48X = X3C=X4X 
900 CHi'niNllE 

I F ( s r RES( '. ) ,(;f .0. I'D) Ml 910 
IF( S IRESI L ) .EO.O. Hill TO 970 
STRFSI L ) = A8S( si KES( I. ) ) 

5IGN= 1.0 

910 CHNf IMHt- 

IF( I EONS T.EO.O. )GU TU 920 
X2=STrES( L )/ 1000. 

GO TO 930 

920 X2 = srRFS(L)=i>6.8948/iO0O. 

930 CONTINUE 
L INFAR=0 

IF( X2.G T.l. IGO Til 940 
IF( INOSfR.FO.O )G0 TO 940 
X2=l. 

I. INEAR=l 


IPSC4^20 
IP SC 4 MO 
I P SC 4 f 40 
IPSC4('S0 
IPSC4M0 
IPS(.47 /o 
Ip SC 4 Mo 
IPSC 4 M 0 
IPSC48i)0 
IPSC48 10 
TP SC 48 20 
IP SC 48 30 
IPSC48 4f) 
TP SC 4880 
Ip SC 48 60 
IP SC 48 /() 
Ip SC 48 8 0 
TPSC4H90 
I P SC 4900 
TP SC 49 10 
TPSC4920 
IP SC 49 30 
Ip SC 49 40 
IP SC 49 SO 
Ip SC 4980 
Ip SC 49 70 
IPSC4980 
TP SC 49 90 
IPSCSOOO 
fPSCSOlO 
I p SCS020 
TPSCbO 30 
Ip sc 8 0 40 
TPSC8080 
IPSC8060 
0-' SC 8 0 70 
TPSC8080 
TPSC8090 
IPSC8 100 
IPSC8 110 
IPSC8 120 
IPSC8 1 30 
IP SC 8 I 40 
IPSC8 180 
IPSC8 l80 
TPSC8 1 70 
IPSC8180 
1PSC8 190 
IPSC82O0 
TPSCS210 
IPSC8220 
TPSC8 2 30 
Ip SC 8 2 40 
IPSC8280 
IPSCb280 
IPSCS270 
IPSC8280 
IPSC5290 
TP SC 3 300 
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X7= Ai.n»;( X? ) 

X lf) = X9^*^X? 

X ] ;'X ^ 

XI A = x;^/x3 

X 1 s=x I 35 ;^ X I 3 
Xl^=XI‘3^M13 

X I 7=Xl'4^Xl^ 

X18 = X14X.'X17 
X19=X7^;^X7 
X20=X7'J'X19 
X21 = X2^'X8 
X22 = X 3^^X7 
X2 3=X7=:^XH 
X2^f = X2-^X3^^X4 
X2^X = X2-'X3^''X^X 
X?S = X24^;^X?4 
X2^X=X24X^^X24X 
X26=X24=:'X25 
X2^X = X24X^)^X25X 
X3S=X2=;^X6 
X 58X = X2>;^X4X 
X37=X4=.--X7 
X 3 ?X=X4X^:^X 7 
X39 = X^;=X7 


930 

960 


970 

980 


X 39X=X6X=;^X / 

X41=X3-X/ 

X43=X42-X7 
X4 3X= X42X^:^X 7 
X44=X2-X4 
X44X = X2^:^X4X 

rFK3 3=/(2)'^X2 + 7( / )^X^»-i^(9)*X9fM 10)^X10«-/'(13>^''X13+/(14P:^X14 
\ 16)^^X16+Z( 17 )^=X17 + Z( lb )^Xl«^-Z(19L’*'X19;2(20jix20 
P- ^ { 21 )'*'X2l + Z( 22 )^'X22‘*'d( 23)^X23+'7(4l 
IFI TIMFl .Fg,o, )0U TU 93f) 

r t'8-12 - Zf 1 ) + Z ( 3 )':>X 3f Z ( > ) - <4X >Z{ 3 ) ^<3 fZ ( 6 ) 6X + Z"^’( 8 ) ^X8 + / ( l l ) + X 1 l 

1 + Z( 12 )=^'X12+Z( 2 / )^^X2 7X + 7{28 )^=X2HX + Z( 29 ) *X 29X + 7 HO ) «X 3()X * 

2 + Zj 31 )^X31>/( 32 )-X32*-' { 33)^^X33+Z( 34)^<34^Z( 3'i ) < 36 < + Z { 38 ) ^X 38X 
3+Z( 40 ):UX40X + Z( 42 )-X42X+Z( 43 )^^'X43X 

FI 1 = I F < 3 2^ I 3+Z ( 24 ) ^;*X24X + 7 ( 23 )*X23X^Z ( 26 ) ^vX26X >7 ( 33 ) =XX33X 
1 + Z( 37 )^:-'X37X + 7( 39 )=;.'X39X+Z{ 43)-')^X43X>Z(44)«X44X ' 

FIJMC I =FXP{ FiJO: I )/100. 

GO 1(1 9 60 
CMOr fOOF 
FiMCl=0. 

CMiMf I OOF 

7FKH]=Z( I )+Z( 3 )^:^X3+Z( 4 )^X4 + Z{ 3 }^X3 + Z ( 6 ) ';*X6 + Z UD ^X8+Z ( U ) «X 1 1 
1- + ^ 12)-^X12 + Z( 27 )^X27 + 7( 28 )')«X2H + Z(29)=i'X29 + Z( 30)^X30 + /( 3l)*X3l 

1^7 )^X34+Z( 36 )<‘X36 + Z (3BL>J‘X38+zUa)^X40 

3+7 ( 42 ) >-'X 42 + Z ( 4t> ) vX43 

Fl)OC= 1FRHI+ TFKf8 3+Z( 24 )=;^X24 + Z< 23 ) «X2 5 + Z ( 26 ) «X 2^+Z ( 35 )«X35 
l + Z( 3 7 )'^X3 7 + Z( 39 )':-X39+/{ 4 3 )^:*X4 3 + Z( 44 )^X44 
FIJNC=EXP( FUNC IZIOO. 

I F ( FUNC .0 I .FU^jr i )(^lj 

EPSCkP=0. 

GO fn 990 • 

EPSC«P=FUNC-FUNC1 

IF( L 1NFA8.E0.0 )GU fO 790 


1PSC3310 
1PSC3 32f) 
*P SG6 381) 
1PSC3 340 
ItJ SC.‘> 3‘>i) 
1^“ SCb 
iH'SCtJ Ui) 
Ip set) MU) 
IPSCS J90 
IPSCb ^00 
I P SC S 'flu 
IPSCS ^>>0 
IPSCb^JO 
TPSCb 

IPSCb'fSi) 
TPSCb ^60 
I P SCb 4^) 
IPSCb ')«() 
IPSCb'fSMJ 
iPSCbbOO 
IPSC5blO 
rPSCbb2t) 
IPSCbsiu 
IPSCbbAO 
rpsr,S5bi) 
fPSCbbbO 
IPSCbb ^■) 
IPSCbbHO 
Ipsr.b59n 
rpscbboo 

iPSCbbU) 
TPSCb620 
IPSCb^bO 
TPSCb6 40 
IPSCbbSO 
rpscsh&o 

IPSCbb ?0 
IPSCbfjHO 
fp SC5 )V0 

iPSCb too 
iPSCb/lO 
IPSCb l?0 
IPSCb/bo 
iP SLb / 4i) 

I P SC t) SO 
IP SCb /ht) 
ipscb ! m 
IPSCb nto 
IPSCtiZ-JO 
IPSCbBfMl 
IPSCbtUO 
rpscbB^to 
IP SCbB Jo 
IPSCbB AO 
IPSCbBbU 
rPSCbH6() 
IPSCbB /() 
IPSCbBBO 
IPSCbB':)0 
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sn<':S( )/ VOOI). ) 

rniMMNMh 

PM)0 I ^-l I )!,! I hi u >0 

\f{ I .eU.lS.ANO.KK }i,f) ill 1010 

(;ii |i) 

\ 0 \() WK I IM fS , nif-»0 )J ,1. ,S IKI; S( 1. ) 

1 0/>n a r i mo»: 


STKAIN HAKOENINCt IHEliKY DE CKEEH ACCUMUL A I 1 1 IN _ 


10 30 
10^0 


10‘50 
1 0^0 


iE(srKES(L),r,r.o.)'iO ro 1030 

S7KES( I. I^^ArtSi STKES( L ) ) 

s u;n^ 1 .0 

CnNlINDE 

I E ( S r *< - S { '. ) .(h* . l 0 • ) 0 D Id 10^0 
nsiK/=<u 
on fn 11^71) 

cnniiMjE - 

rEEEl= 0 . 

1 EEh?= 0 , 

ACnNsr=(). 
hCDNST=n. 

COINS r -f' . 

ECn.‘iSf = o. 

I h( lEOMSr .EO.O, ) 0 n TO 10 so 
X;^=:S1KES( L )/1000. 

r,n rn loso 
X? - si KES( L 
CnNf INUE 

X7 = ALIN,( X2 ) 

X 9 = X X X ^ 
xio = x9-x;> 

XI 3=X?=;=X3 
Xi4 = x;?/X3 

XI S=xi 
X1/.:.X1S=C^X13 
XI / = X I > - X 1 A 
X 1 S - X 1 X I 7 
Xl9=x 7-X 7 
X/^0“X 7 :^X19 
X ^ I = X X 3 
X?;^=X3-X7 
r'^XH 
X I ~ ^ ^ ^ ^ 

i-t-O.^S=/( I )<•/.( ^ )=:'X^+/( S + ^ ~ 

17( H ):rXM+Z( 9 ) -X9+Z ( 10 )«X10+Z( 1 1 )-Xll + Z ( 12 ^Xl2t , , , ^ » w i 
? 7 i 1 x) i:xl ^^ 7 l 14 )>!=xi4+Z( It) i*xi‘>+z( )‘i‘Xi4*-zi i/i'^xiz^zi 

3Z( 10 )>;=X 10+7(2 n)<=X?0 + Z(21)*X21 + Z(221*X22 + Z(23)*X23+Z(31)X‘X31 + 

4Z( 32 )=:=X32 + Z( 33)>:<X33+Z( 34 )*<34 + Z(4l l^-X'+l 
iF( CST'3AN( J I.GT..OnOl )(0) TO lOVO 
X4=( r l'3ti-r li3t^l ) 

Xh=ALnO(X4) 

X?4=X2=^X3+‘X4 
X2t) = X2A*tX24 
X2A>=X24>S‘X?b 
X?7=X4«X4 
X?8=X4>>X2 7 


h'sr.‘)00i) 
IHS(,30l0 
IOSC'jO/O 
(H SCbO 30 
I 0 SE. SO I 

I 0 S(,SV so 

tp'SCSOSO 
lOSCSV 70 
I 1 ^ sc so 3 0 

IESCSV90 
lESCf>00() 
IVSC7>010 
lESCSO/^O 
r|JSC7i()30 
lESCSO^O 
(ES(d)OSO 
I SCSOSO 
iHsr:so 70 
I SCSU'I f| 
IESCS090 
iESColOO 
IH SCO 1 10 
lESC6i;^0 
IVSC6 1 30 
I E SCS L ^0 
IPSC61S0 
IESC6 ISO 
iE SC6 i 7 0 
IE SCSI 30 
IESC77 140 
lESCS^OO 

iEscs;;'io 
I E SCSE^O 
lES(d'3;^30 

lEscs;^- AO 
lESCsESO 

I E S C S V o f j 

lES(d)E70 
lESCSESO 
lESC^i^^VO 
lESCO :iOO 
TESCC 410 
I E S(d> 47 ' I 
lESCS 330 
I E SC S 3 AO 
lESCS SSO 
I E SiS S 4S 0 
lE SCO S/0 
I E s r: S 3 ^ { ) 
TE SCS 390 
I E SCO AOO 
lE SCO AlO 
IESCSA70 
TE SC6 A30 
lESCSAAO 
IESC6 ASO 
lESC^A^O 
IESC6 A70 
IESCSA30 
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X = X ^ X 6 
X30=XiSvX29 
X^‘J=X? X^S 
X ^,s= X v; <(S 
X ^ ^ - X 't =: X f 
X 3M--:X^-XH 
X Xs^ = X^i :-X / 

X/4i)r X6 

XA? = x‘?^;-x/s 
X^f3=X4?^.^X7 
X44=x;?-'X^ 

X45 = X 3*XA 

4 )X--X4i-/.( 6 )#X6t-Z( 2^ )*X2i» + Z( 2“i )*X?5 + £ ( 26') >i<X 26+Z ( 2 / ) *X2 V + 
1Z< 2H )=sX2H + Z{ 29 )«X29+Z( 30 1’i'XBO + Zl 35 ) *X 35+Z ( 36 ) *X 36+Z ( 37) *X37+ 
2Z( 3H )*X33<-Z( 39 )=«X39+Z( 40 )*X40+Z(42 )*X42*-Z (43) *X43+Z ( 44 ) *<44+ 
3Z(4‘j)*X 45 
i)s r K2= r >-'<’36 + i’ 

09T><2 = 'f XP( 0STK2 )Zinn. 

<;n rn n->o 

1070 CONTINIJb 

fEF + l= f('(4X 
X4=TFFi=) 

X6= A'.nO( X4 ) *■ ■ 

X?4=X2*X3*X4 

X2 5=X2'^=?X24 

X26=X24-X25 

X?/=X4*X4 

X2H=XA*X27 

X29=X6=:=X6 

X30=X6*X?9 

X35=X2*X6 

X36=X3*X6 

X37= X't-X7 

X3«=X4*X8 

X39=X6*X7 


X^,o = X6*XH 

X42=X5*X6 

X43=X42*X7 

X4A=X?-X4 

X4‘>=X3*X4 

rF8 3 6= Z( 4 )^=X4 + Z( )*X6*-Z! 24 )*X24 + Z( 25 I'^XZ^ + Z ( 26 ) *X26 + Z ( 2 Z ) *X2 7 + 
1Z( 28 )=:=X2H + Z ( 29 )=;=X29+Z ( 30 )■!'X30^Z( 35 )*X35 + Z ( 36) *X36+Z ( 37)*X37 + 
2Z( 38 )*X33t-Z( 39 )«X39+Z( 40 )*X40 + Z(42 )*X 42 +Z ( 4 3) * <4 3+ Z ( 44 ) i'X44 + 
3Z(46)=;-X45 
FFS1= f-r'336+rF‘<i36 
FFSI = FXIM FFSl )/10(). 

I F( FFs I .or ,cs F8 an( . 1 ) ) ;d ro io9o 
IFF + 2= ltFFl + 1,/60. 

X4= r F F F2 
X6=&Ln;;(X4) 

X24=X2*X3*X4 
X25=X24=?X24 . 

X26=X24*X25 

X27=X4*X4 

X28=X4=:=X27 

X29=X6*X6 

X30=X6-X29 

X35=X?*X6 

X36=X3*X6 


IFSC6400 

rFsr,66oo 
IFSCOtIO 
IVS(;65 20 


I F SO >>~3 30 
IFS(,62 4(1 
lFbCn-j60 
IH.SC6S40 
I F S(', (n / 0 
rFSC.6580 
•FSC6590 
IFSC6600 
IFSC6610 
IFSC6620 
TFSC663I) 
IFSC6640 
iFSChioO 
TF S(,(j66u 
iFSCho ro 
lFS(;6680 


FSC6690 
FSC6 Zoo 
FSC6Z10 
lFSCbZ20 
FSC6Z 30 
FSF6 Z 40 
FSC6/S0 
FSC6 /60 
TFSCO Z Zo 
"FSCO Z»() 
FSC6 Z90 
TFSC6800 
F SC 63 10 
FSC6320 

F SC 63 30 
FSC6U40 


FSC63SI) 

FSC6H60 

FSC63 ro 
FSC()Hao 


FSC6390 
F SO0(J0 
FSC601U 
F SCo920 


I F SC 69 30 
IFSCZi9 40 
FF SC6960 
TFSC6960 
1FSC69 ZO 
IFSC6981) 
rFSC699i) 
TfSC ZOOO 
IF SC ZOlO 
IFSCZ020 
I F SC Z() 3(j 
1FSCZ040 
IFSC Z050 
IFSC Z ()60 
IFSC ZO Zo 
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X 4 /= 1 

X3H = X4^«XM 
X '^9=X6^;'X 7 
X40rX4^:^XH 
X4/j = y s^:x4 
X4 tJ=X4/^^:^X 7 
Xa/^ = X?^:^X4 
X^tb = x 3^:vX4 

rFKi'^ 6 =:Z{ 4 )';^<4 4 'Z{ 6 )^'X/S»-Z( 

1Z( ?H ) ^'<;>H^^Z( )^^x?y+z( j* 

2Z{ 38 l^J'XBH+ZC 39 )^^<39+Zi 4f) 

3Z( 48 )'-;*X45 
EPS?= rE8-^8+ fE8M6 
EHS2=EXM( EPS2 )/100. 

IF{ fps2.ee .EPS i )i;n ro io8o 
USTK2 = ( EPS2-6HS1 )❖( TIMF^TIHEl )#6t). 
HCUNSr=2. 

on rn iiso 

1080 0SfK2=O. 

HCnMST-3. 

Gn r ij 1180 

10 90 TFFF2= IMAX«{ CSTKAN( J )/£PSl ) 
lino CntviritNMjh 
X4=TEHP2 
X6= AEmW X4 ) 

X24 = X2^:=X 3'-J‘X4 
X;^8=X2 4=:^X?4 
X2<S=X24^'X>5 
X;>/=X4»X4' 

X28 = X4^:^X? 7 
■ x?9=X7i^;:X4 
X 3'i = X7i>;‘X?9 
X38=X2^=X8 
X3S=X’^^'^X6 
X37=X4*X7 


)-X24»-/( 28 )^XZ8 + / ( 26) vX2 ^ + Zt^n«X2 7*' 
X30 + ZI 38 )«X38 + Z { 36)*Z(36 + Z ( 37) #X37 + 
X40+Z( 42 )=J'X4 2^Z ( 4 3)*X4 3+Z I 441^X44+ 


X38=X4^:U8 
X39=X6=;=X7 
X40 = X6^:jXH 
X42 = X8^^X6 
X4 3=X42>;^X7 
X44=X?‘;fX4 
X45 = X3-'X4 

rK88 6=Z{4)<<X4^-/( 6 )-X6*-Zi 24 )^'X24fZ( 28 )^»X28 + Z(26) ;«X26 + Z< 27)«X27 + 
n )-'X30 + Z( 38H^X35 + Z { 36]«X36 + Z ( 37)i^^X37i 

ly\ /u )^*X39 + Z( 4f) )*X40 + Z( 42 )’:'X42 + Z I 4 3) X4 3+ / ( 44 ) * X44^- 

oL I HT ; vX s t> '■ 

t p s >? = r H < 'I ' 5 + r “ K H 6 
EPS?=FXP( EPS? )/ loo. 

IF( HPS?.'.F .Fps i )ou rij uin 
TKFP?= 1tPF?‘i'( CSTKANI J )/FPS? ) 
on rn non 

1110 in FPS?.GT,CST«AN(J KANO.FPSl .GT.CSTKAN(J) IGH T(J 1120 
rSLDP'-- = ( i‘tP'-l-itPf-2)/lFPsi-PPS?) 

Th>FI=TFFF2 ' • 

EPSl=FPS2 

TFFF2 = rsi.nPE»-(CSTKAN( J J-FPS2 1 + TEFF 2 
(;n I n mo 
1120 TEFF1=TEFF2 
EPS1=EPS? 


' r M, f n f) u 

TPSC/OVO 

ipsc r lou 
ipsc/iio 
Ipsc 1 120 

I P sc l 1 30 
IPSlW l A() 
iPsc ni)0 
Ipsc r I'jO 
Ipsc/ 1 /o 

IPSC /IriO 
IP sc/ 190 

Ipsc /200 
IP sc / 2 10 
iPSC/220 
rpsc/?3o 

IPSC /^'tO 
IPSC/2S0 

Ipsc /2'jo 

TPSC/2/0 

ipsc/a'io 
IP sc/ 290 
IPSC / 300 
IPSC/ 310 
IPSC /320 

Ipsc / 330 
I P sc / 3'+0 
IPSC/ 3S0 

IPSC /3'5() 

Ipsc / 3/1) 
Ipsc /38 0 
IPSC/ ^90 
Ipsc /^oo 

IPSC/AIO 
Ipsc /^?o 
Ipsc / ^30 
Ipsc / a^o 
IPSC7^S0 

Ipsc/ 'mo 

TPSC/ ^/O 
IPSC /'♦'lO 
Ipsc/ A4o 
IP sc /too 
IPSC /S If) 
IPSC / S2() 
TPSC/S30 
TPSC /S^i) 

tpsc/sso 
Ip sc /too 
IP SC /s /O 

Ipsc 7t()o 

IP SC/590 
Ip SC'/soo 
IPSC7610 
IPSC7620 
lPSC/630 
IPSC /5A0 
IP SC 7650 
IPSC 7560 
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1 1 ii) Cii.g ijiMijh 

X 4 = r I: h / 

X!S=A(.ni;( X4 ) 

X A = X y * X -i =» X <♦ 
x;”:> = x;^A=;=x?A 

x;^A = x;^'f ;=x?b 

x;>/-/A-X't - _ 

X?n=XA*X?7 

X?V^X6X!Xh _ 

X3U=X6=XX?9 

X35=X2*X6 . . _ : 

X3f>=X3«X6 

X37=XA*X7 

X3H=X‘'+=xxH 

X39=XA<=X7 

X4()=XA=XXH 

X4?=X‘?*X6 

X43=X4;?=?X7 

X44=X?-SX4 

X4*>=X3*X4 

lE'<Mh=/( 4 )XX4+Z( 6 )«X6+Z( 24 )4X24+Z ( 25 ) *X25 + Z ( 2ej OXZS+Z ( 27 ) *X27 + 
lZ(2H)>:=X23t-Z(29)=i<X29+Z( 30 )4X30+Zl 35 )4>x55vZ ( 36)4X36+Z ( 3/) *X3 7 + 
2Z( 3H )X=X 3H + Z ( 39 )=:=X39+Z( 40 ) X>X40+ Z ( 42 ) *X42 + Z ( 43 ) «X4 3+Z ( 44 ) s>X44 + 
3/(4S)X=X4-> 

|-PS2= f‘=Kr'1S+TEKMf) 
f:PS? = - X>^l "PS2 )/ 100. 

IP{ AHS( ( ':HS2-CSTKAN( J ) )/CSTKAN( J ) ).LT..0001 )G0 TU 1140 ' 

on 1 11 11 10 

1140 rHPE?= 1EFF2 + T1ME-TIME1 
X4=rFFF2 

X(>= ALCI'',( X4 ) _ 

X?4=X2*X3>;=X4 

X25=X?4«X24 _ 

X24=X24=:=X25 

X2/ = X4=:=X4 ■ 

X2M=X4*X27 

X29 = X4=.'X6 

X30=X6vX29 

X35=X2-X6 

X3ft=X3=:=XiS 

X 3 7 = X 4 =;= X 7 

X3H= X4^'X3 

X39=X^^=X7 

X40= XZ>X=XH 

X4P=X5^:Xf> 

X4 3=X42X=X7 

X44=X2*X4 

X45=X3=?X4 

1FKM4 = Z( 4 )X‘X4+Z( 6 )<-X6+Z( 24 )*X24+Z( 25 )*X25+Z ( 2<J *X26+Z ( 27 ) X‘X27 + 
1Z( 2H)x-X23^Z( ^9)=?X29 + Z( 30)*X30 + Z( 35»>>X35 4-Z(36)=xx36 + Z(37MX3Z + 

2Z ( 38 )x=X 3H+Z ( 39 )*X39 + Z( 40 )>XX40 + Z( 42 } *X42 + Z ( 43 ) *X4 3+Z ( 44 ) >1>X44 + 
3Z(4b)-X4o 

C3= fEKM5+TEKM6 _ ’ 

C3=FXP(C3)/100. 

I)STK2 = C 3-EPS2 
1 150 CONl IN' IE 

EPSC«P=DSTK2 
1150 COi'iriNlJE 


Ip SI. /5 Ml 
IP SC / 680 
I P SC ^690 
IP SC 1 /no 
I p sc, ^ I n 
fP SC ! /2u 
IP SC / Mo 
IPSC / 7 40 
IPSC / /50 
IP SC/ /60 
IPSC / / /o 
Tpsc/ /ao 
Ip sc 7 /90 
TPSC7800 

Ip sc /rt 10 
IP sc /a 20 
IP sc /H 30 

IPSC/850 

Ip sc 78 5 0 

IPSCZHbO 
IP SC /8 CO 
IPSC/880 
rpsc 1390 
IPSC /9U0 
IP sc. 19 10 

IPSC /920 
ip SC /9 30 
IPSC/940 

IPSC 1950 
IPSC7960 
Ip SC /9 /O 
(PSC /9B0 
I P SC 799 0 
IPSCHOOO 
IPSCbOlO 
TPSCao2o 
IPSCao3o 
IPSCH040 
Ipsca(j60 
IPSCHObO 
IPSCH070 

ipscaoao 

IPSC8.)90 

IP sea 100 
ipscai 10 
IP sea 120 

Ip sea 130 
IP sea 1 40 
IP sea L50 
IP sea 160 
Ip sea 1 10 
iPSCa lao 
IPSCa L90 

IP sea 200 
IPSC 8210 
1PSC8220 
IPSCa230 
lPSCa240 
IPSCa250 
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IH siii'g.rD.o. )i;ii ( ii 
STKKSn. ) = -STKh'S(L ) 
s it;i>i=o. 

fcPSC«t^--Fi>sr.KP 

n /'» ciiNf 

5 srAKT=srKHS(i) 

l^nc«p=ppsc‘<p^(s^K>^s('. )+<-:Ssr<(j))/“i<i,j) 


H')15 


If! JS"; tUnVrr70-‘-' 

K -2 

l$THl = ri)TCKP 

IF( sr*<:S( I ).N^ .0, )';ij ru 


1 uo 

1 19(1 
l? 0 () 


1?10 


l?i<) 

\?M) 


l? 4 (l 

l?b() 

l ?70 


I 2 HO 


1290 

noo 


IH( ASTHA T( J I.GT.fuTCKP )(, 


120 (J 

U TO 1190 


AND. TO ■|CKP.GT.O..ANI).ASrKAT(J ).LI'. rUTCKP) 
rurCKP.L T,0..AN0.ASTKAT(J ) .Gf.TOTCKP) 


, AND. 


sri<ps( 2 ) = s rioESi i i-ioo. 

GO TO B7o 

sf«FS( ?) = sr«tS ( 1 )+ioo. 

(;n TO rtVf) 

IF( AST'<A T{ J ) .Ntf .0. )G0 lOj 1210 
IP( TO l(,KP.L T.O. )I,0 TO 1190 
GO ro 11 HO 
IF( STkFS( U .1. T.O. 

I GO To 1?,>o 
IF( STPtSI 1 ) .G T.O. 

IGO ro 1220 
GO TO 1230 
STkf<;( 2) = srK'?St 1 )=‘2. 

GO TO K/O 
CONI INOF 

jn chatio),gt..i jGU ro 1250 

1 F( A‘^rHAT( ,t ) .1. I .0, )G0 10 IPAO 
S^rptSI 2^) = STKES( 1 ) + ABS( STi<6S( 11} 

STHFSI 2 )=stkf:s( l J-AHS( S TKFSI 1 ) J 
GO r'l 1260 
COM IIMOF 

STHFSI 2 ) = <;rHFc;( 1 l/CKAflO 
CONTINUE 
GO m H70 
L = L+l 

I F( I. .ME .20 )G0 ro 12H0 
Wk I TE( 6, 1 H70 ) I , J ,KK ,K1 
GO ro 1320 
CONTIMOF 

rs Tk2= ro ickp 

|F( ASTkATU ) .Eo.o. JGO TO 1310 
CKAr in=f o rckp/ AS('kAT( ,J ) 

IF( AH5.( CKAT I u-l .000 ) .LT . .001 TGO TO 1290 
i>n r fi 1 300 

L = l.-1 

GO ro 1320 
CONTlNOfc 

SI (iPE=( stkesi i-i )-sri<Es( '.- 2 ) )/( rs rk 2 -rsTki) 
^TKESII ^=STK6S( L-1 )+( as TKA T( j )-rsTK2 )*SLOPF 


o-’si;h 2')0 

ipsc,n 2 ro 

IPSCH2H0 

TPSr.H 290 

I p sc M 300 
I P Sf,H 3 lo 
Ip SCH 320 
Ip SCh 330 
I p SCH 3A0 
IP SCH 330 
IPSCH360 
. TPSCH370 
IPSCH3H0 
TpsCH 390 
Ip SCH 600 
IPSCH610 
IPSCH620 
TP SCH 630 
Ip SCH 660 
Ip SCH 630 
IPSCH660 
IPSCH 6C0 
Ip SCH6H0 
IPSCH 690 
IP SCH 3 00 
IPSCH3 10 
Ip S C 0 3 2 0 
Ip SCH 3 30 
rPSCH360 
IPSCH330 
I P SCH360 
TPSCH3 ro 
IPSCH3H0 
TPSCH390 

IPSCH600 
TPSCH610 
IPSCH620 
. TPSCH6 30 
1 P SC, H H 6() 
IPSCH 630 
IPSCH360 
IPSCH6/0 

rp scHSHo 

TPSCH690 
IPSCH /OO 
TPSCH CIO 
ipSCH rpo 
Ip SCH / 30 
IPSCH /60 
TPSCH r 30 
TP SCH 1 6 () 
Tpsch t ro 
ipscnrHo 
TPSCH 790 
rpscHHoo 
TPSCHHIo 
1PSCHH20 
IP SCH H 30 
IPSCHH60 
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(,ii i'll M/i) 

mo SMIMFrI s TK^-S( I. - l )-S TRHSn.-? ) )/( TS TK2- TS TKl ) 

SI rtFSi L ) = S i K'tSl I. - 1 l-r S r<2-S'.Ue*F 

1F( AHS( S TK6S( L )/S TKFS( I - I )-) .00 ).l. T. .001 )G!I TiJ 1 ^20 
I F( A 0 S( sr -(-SI )/s I ^ - I .00 ) . . r . . 00 u on I'l) I -i2 ) 

T S TK 1 = I s 1 K 2 
(in fii Hfn 
1320 f.Oi'JTIMUE 

SfKFSSl J ) = srKFS( L ) 

FOKCI .1) = STkESSU )=^A( J ) 

1340 rnlFOK = fUlFlJK + FlJt<:iJ) 

8010 

1 F( FHA'. .■'IF . 0 . )G0 fn 1360 

IF( TO TFOR.L T.0.0.ANU.F2.GT.0.0 1 GO TD 1350 
I F ( rniFO'T .(,T.o .0, AOi) . -2 r , 0.0 ) go id 1350 

IF( AhS( TOTFUK ).LT..001 ) Gl.l TIJ 1330 
V2 = AVOAC 

IF( TtnFQK.LT.O.O ) AYNAC = AYNAC + OY _ 

1F( roTFO'T.liT.O.O ) AYNAC = AYNAC - OY 
F2 = TOTFn« 

GO 111 800 
1350 CONTINOE 

AYNAC = AYNAC - ( A 8 S ( .' 1 1 T-i H ) <=( A YN AC - Y 2 I I / ( Art S ( l‘ IJ TF J-< 1 
FHA|. = 1 . 
fo hO K =0 . 

GO TO 810 
1360 CON r I I'll IF 

UO 13.70 J=1,NAKEA 

ASTkaKJ) = I'HF TA r (< 1 )>M AYNAC - Y{ J ) )/0< 

13 70 CONTI NOE 

niTFOrt = 0.0 
1380 on 1390 J= I, MAKE A 

FOKCI J ) = Si KFSSI J )=>A( J ) 

TOTFOK = TUTFUK + F(IKC(J) 

XMl = XMl + A8S( FlKCl ,1 )*( AYNAC - Y(J))» 

8013 

1390 CONI' IN'IE 

Till. 1 = AHS(XM1 - XMOM( K1 ) )/XMON(Kl ) 

8006 

IF( rriM ,L 7. .001 ) GO TO 1410 
I F( F iKSi'N.NF .0. )I0I TO 1400 
FIKSTM=1. 

XM10=X -U 

tha ti = thf r a T( k 1 ) 

r HE tat ( K I ) = I'HF r A T( <1 < T0N( ■< 1 )/X-l I ) 

GO TO 790 
140il CONflNOK 

THAT2 = I'HF r A T( K1 ) 

roi. 1 =A8S( X'-U-XNllr3{ <1 ) )/XnON( <l ) 

IF( T0L1.I,T. .001 IGO TO 1410 
Si.08Fi3=( I HAT2-THA Tl )/( X'3 I-XNIO 1 
THETATI K1 )=SI.OPEM«( XMOM( K1 )-XMl 1 + THAT2 


IKSCOKtO 
IPSCH860 
Ip SC 8 8 To 
TPSCHHMO 
I P SC8-i90 
IP. SC 89 00 
I P SC89 10 
TPSC8920 
IPSr.89 30 
IPSC8940 
IPSC8950 

TPSC8960 

IPSC89 70 
TPSC09H0 
IPSC8990 
TPSC9000 
IPSC90V0 
IPSC9020 
IPSC9030 
IPSC9040 
IPSC9050 
TPSC9060 
fPSCOOTo 
ll'.SCYO'IO 
+ ArtS{ F2 ) I IPSC909(I 
rpsc9 100 
IPSC91 10 
TPSC9120 
IPSC91 30 
1FSC9 140 
rPSC9l30 
TPSC9 160 
IPSC9 I 7o 
TPSC91H0 
TPSC9190 
1PSC9200 
IPSC9210 
TP SC9 2 20 
IPSC9230 
TPSC9 2 40 
IPSC92S0 
IPSC9260 
TPSC9270 
IPSC9280 
IPSC9290 
fPSC9 300 

Tpsr .9 310 
1PSC9 320 
IPSC9 33t) 
TPSC9 340 
IPSC93 do 
IPSC 9 3b 0 
IPSC9370 
TPSC9 380 
TPSC9390 
IPSC9 400 
IPSC9410 
1PSC9 420 
IPSC9430 


C-17 


MCDONMEUt. DOUGLAS AST’ftOMAL/TtCS COI%tf*AIV\' • BAST 


?PREDICTION OF CREEP IN 
METALLIC TPS PANELS 


PHASE III 

SUMMARY REPORT 


NAS-l-11774 


C 

rn-v n = iHA I? 

Xt'HOrX'll 
■;n I'M 

i^ii» r.iHriiiiM- 

SAVI’Ht^ = I H-f t/\ It < I ) - I II'; r(l ; ( i ,< I ) 

SAV1-'H= T( K1 , I ) 

I F( ii'jDi.no.'iu. I ) i;u rii i+^o 

SAVPKS^PKIrSSt K1 ) 

GO fo IA3M 

1420 SAVLOI.)=PLOAI)( K1 ) 

1430 CONriOlJF 

1)0 1440 J=1,NAKEA 

KESSnil .) )=Si KESEt <l ,J )-Sl'KESS(J ) 

1440 CUNlINUE 

r HE rAC = r HE 1AC + THE TaT( < I l-rOE f AE( I f <l ) 
on 1 4bO J =1 , MAKE A 

14*30 CSr*<AN( J )= fHE TAC=;=( Af 3AC-T( ,1 ) )/0X 

l-^ESS ^<<( J )/E( K1 ,J ) •. 

IF( IMGVC.EO.O ) GO ro 1440 
IF( KK.NE, 1 )G() TO 1440 
fHFK I ,<l )=i’HErAC 
1460 IF( K1 .NE.NTIMF ) GO TO 14 30 
1)0 1470 0=l,-J03CyC 
NOMCl = M 

lF(i<<.EiO.<CyCi.E(N ) ) GO ro 1430 
1471) CONTINOF 

GO ro 14)0 

1480 DO 1490 J=1,NAREA 

RSfKANI I ,J ) = CSr lAOt J )*100. 

KFSFt 1 , J ,0UMC1 ) = KESSTR( J ) 

149 ') CHNl" [HOF 
1500 COi'lllMOE 

DO 1510 H=1,HiJHCYC 

00MC2 = N ■ 

1510 IF{ KK.EO.KCVCEEt N ) ) GO fO 1520 

GO TO 1 5 30 ' 

1520 THE IAM| I ) = rHEi'AC 

15 30 CONTINUE 
1540 CONriNOE 
1550 CONTINUE 

I F( IHi)EE A .EO. 1 I 1,0 fo 14 10 

no 1600 1. 1 = 1 ,N0HCYC 

NMIn2 = NS1 AT-2 

DO 1580 I.2=1,NMIN2 

SON 1=0.0 

SOM 2= 0.0 

soil 3=0 . 

IPrtII.2=IEKlNT( L? ) 

DO I 540 Nl = I , IRK IE? 

THFTAX=( iHETAPtNl.l. 1 ) + rHETAP(Nl + l,Ll n*X(Nl)/ 2.0 
S0M1 = S0HI<- THE TAX 
1560 CONTINUE 

I EKL21 = I KK 1E2F2 
DO 1570 N2=IMKL21 ,NSr AT 
1570 SOH2=SUM2FrHE TAKt N2 ,1 1) 

DEELIU ,1.2 ) = SUMl + SUM2>i* X(l.2)+ X ( L2 1 <* THE TAP 1 1. 2 + l',L 1 > /2 . 

1580 CONflNUE 


I P SCH F 40 
TPSC 9 440 
IPSC 94-,0 
TPSC9 4 7I) 

I E S ''. ')4 ti) 
IPSC 9 490 
IPSC .9400 
TPSG 9510 
IPSC 9520 
IPSC 5 5 30 
IPSC 9540 
IPSC 9550 
IPSC 9540 
TPSC 9570 
IPSC 9580 
TPSC 9590 
IPSC 9400 
TPSC 96 I 0 
IPSC 9420 
TPSC 9 6 30 

IPSC 9440 
IPSC 9650 
•PSC 9640 
TPSC 9670 
IPSC 9480 
1 PSC 9690 
IPSC 9 TOO 
IPSC 9/10 
IPSC 9 720 
1 PSC 9 7 3 o 
IPSC 9 J 40 
TPSC 9 750 
I P SC 9 740 
iPS (.9 7 70 
IPSC 9 730 
TPSC 9 790 
rpSC 9300 
TPSC 9 3 10 
IPSC 9320 
I PSC 9 H 30 
IPSC 9340 
IPSr .9850 
IPSr .9340 
IPSC 9870 
IP SC 9330 
IPSC 9390 
I P SC 9900 
1 P 5 C 99 10 
Ip sr,99?0 
TPSC 99 30 
TPSC 9940 
IPSC 995 U 
IPSC 9940 

rpsr.99 70 

IPSC 9930 

rPSC 9990 


•I 

rpsc 30 
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1 S-M) 


IftOO 
I MO 


I r <v> ( g 1 )• 1 , 1. 1 ) )■> < (•'I i ) / p 


TAP( |\ sr A T,L 1 )*x (NSf A T-l ) / 2.0 
»r»( NSI'A T, I )*<(’'ISf AD/^.U 


1^20 


1650 

1660 


'll - IS ■ A.' - 1 
DO 1 S90 Nl= 1 ,Wi'< I N1 
r r A y = ( r m>- r >\*^( •'! i * i ) ►• ■ 

SI),A3=SlJM3+rill: l-'V 
l'H\ir 

( I I ,MSTA T-1 ) = sur-13+ THtr 
I .■'IS r A T ) = S'l -1 Uf I = I 
r.M'i 1 1 All IE 
CM 'll' Ii'llJE 

DO J660 l1 = l,f'JriME 
|\)MIN?= 'ISI A r-2 

on 16 A 0 L 2 = 1 ,NMIN 2 

SIHA = 0. 

Si(MS=n. 

SII'16 = 0 . 

IEKH.2= IHKIMK 1.2 ) 

on 1620 >11 = I , ! “’"U I. 2 

ETHETA = ( THE TAE( IMI ,1. I ) + 

siiMA=s'M<3«-Ern“ r A 
continue 

[l’Ki.?l = IEXl'.2+-2 
on 16^0 M?= 1 P«l 21 ,NSTA T 
SlHS=SiHT t- I'HE r At ( N2 f E I ) 

0EELF( !. 1 .1-2 )=SnoA+.snM5>> 

CONI' IMIJE 

NMINI --NSI AT- ) 

on 16SO N1 = 1,M'I1N1 

TMETAY= ( THE TaE( N1 ,1. 1 ) + THE TAE( Nl + 1 .L I ) )*X (N1 ) / a, 

SIH6 = S'H6t- I'H- TAY 

CIIN T1 Ml IF . 

OE E I 1^ ( ■ I , \l S f A 1 - 1 ) = SU T T + T I E T A E 1 I'l S T A <■ , I, I ) =;' X ( N S i A > - I ) / 2 . 
OEEfEd' I .NSlAl ) = SUM6+ THE I A E ( NS TA T,L 1) *X I NS TA T) / 2 . 

COi'iT INOE 

‘ ‘ ■ ' I 720 


THETAE(NI + 1,I.1) )*X(N.l 1/2.0 


X ( L2 ) + 


X(L2)‘!'ThE TAEIL2 + 1.L l)/2. 


IF( incrc.Eo.n )Gfi TO 
DO 1 Mo 1. 1 = I .NT INE 
|•||.tlN2 = NSTAT-2 
1)0 UiOO 1.2=1, i ni'! 2 

snM7=o.o 
sn-i6 = o .0 
SUNo=o.n 

I2XIi.2=JPXHr( 1.2 ) 

0(1 16 70 Ml = 1 , I EK I I. 2 

)-H6 IAX = ( the T( \| I I ) + TIE r ( MI + 1 ,1.1 ) )>K( Ml I / 2.0 
SOM /= SU07+ r HE Tax 

1670 CONT INOE 

I PKI 2 1 = 1 EK 1 I. 2 + 2 
on i 6 H 0 M?= [ EXI.2 1 ,MS T \ T 
1680 SUM8=SnNH+ The T( N2 . 1. I ) 

OEEi 1N{ I 1,1 2 ) = SOM T + SI1 X ( I. 2 1 + 

1600 COM T I NOE 

NEIlNl = NSr A T- L 
on 1701) N1=1,NMIN1 

thft AY=( thet ( M 1 , 1 . 1 ) + The r ( N 1 + 1 ,1. 1 1 i^xi M I ) / 2.0 
SUM9=SIJM9 + The TAY 

1700 continue 

OEEL I N( L 1 »NSTA 1- 1 ) = SUM9+ THETI NSTAT,LI )*X(NSTAT-1>/2.0 
()E Fi 1N( I I ,NST A I ) - SOHO + TH :T I N ST at , i.l )KX ( NSi Ai 1/2.0 
1710 CONTINUE 
I 720 CONI' INOE . 


X ( 1.2 ) -The T( 1.2+ I 


1.1 ) /2. 


te SC AO 

I ESC so 
I E SC '>0 
lESC 70 
I ESC, HO 
I ESC 90 
lESC 1)0 
lESC 110 
lESC 120 
TESC 130 
lESC I AO 
TESC ISO 
lESC I 60 
TESC 170 
lESC IHO 
lESC 190 
lESC 200 
TESC 210 
lESC 220 
lESC 2 30 
lESC 2 AO 
TESC 2S0 
lESC 260 
lESC 270 
lESC 2rt() 
lESC 291) 
lESC 300 
lESC 310 
lESC 320 
lESC 330 
lESC 340 
lESC 36 0 
lESC 360 
test, 370 
TESC 3H0 
lESC 390 
lESC AOO 
lESC Alo 
lESC A20 
lESC A30 
lESC A40 
lESC ASO 
lESC A6I) 
TESC A70 
lESC Arti) 
lESC A90 
lESC 200 
TESC 610 
lESC 520 
lESC 5 30 
lESC 5 AO 
lESC 550 
lESC 560 
lESC 570 
lESC 580 
lESC 590 
lESC 600 
lESC 610 
lESC 620 
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1 Il> I . ':0. I )i.i I Ml \ i -iO 
fn=OFe IH >:=;>,‘54()nf)S 


‘^ifCH=Pir :h 

flat=fi.a r 

kim;i-= -Di; - 

is = Is 
r r,= 1C 
1K= Ik 

Xl.l^r H= XI.Ul'H 
K 1 HFI, G=K I tlFLG 
ZPNf:l)l=Zk'Njti)l 
ZPiMt02=ZPNt:D2 
i‘ZFE = rZF'£ 
ZhFSFl=ZEESFl 
ZFFFF= ZEE’^F 
ZhEFFl=ZEEFFl 
= II’) 
HI)EP=HI)HJ 
rt></Vi) = 4><A') 
ALEi'J=ALEN 
PAi'.|''l Ii) = P4'>H [ I) 
ZFESF=ZtE§F 

C* f- i* T f- l* * f 1 ' . 


n*? , s/^onn^ 
( } ) ) ') 

‘5 on Ob 
b f ) 0 ) b 
b^+OOOb 
b fOOOb 
b^OOOb 
b'+()0')b 
^40005 

)‘5 

b^DOO*! 

‘I'Z .■>'11)1) )•> 
(i-?. 540005 
*2 . 540005 
*2.540005 


*2 , 
■•:-2 , 
*2 . 
*2 . 
*2 , 
*2 . 
* 2 . 
* 2 . 
* 2 . 
*2 . 
*2 . 
*2 , 
*2 . 


EsriFF = ESI 1EF*( 2.54 01)05**4, ) 
17 "Or) C(J''ITIMllE 

CAt.i. OiJfPOri 


IKIH.FLG 
2 r Z E E 
iZEEEF 1 
4ALEN 
5UEFLE 


0 1 


[111) 

TC 
ZPi'JEoi 
iNDki) 
PRESS 
KCYCEE 


f S 

NCGK 
ZP 1E02 
HKAO 
f EOP 
OF FI. 


r < 

FLA T 
Z EE SE 
HWID 
jCPRIiMi' 
NAHEA 


I ) : I. n , K 1 
PAilWlI), oeflim 
IIP , lOl'^E'! . 


DEP TH 
OZ.EE 
XI.GIH 
OXi' GAE 

MtlMCYC . _ . _ . _ 

0AM I , AO 2 , A '1 3 1 A A4 , A0 5 t I Ji) : L A , P S f R A l , PcU AO » 

7 XI , YHAK , Z , -- - 

Hll'IME , lEoll'P , II 
1740 LOflP = i.nop + 1 

1F( i.nnk.i.r .oEiCAS ) gd fo lo 
17A>o FnnMAl(5A10) 

1 Z7n FlIkMAf ( IHl ,/// / ,50X ,4H CAS - , [4,93 
14HX ,22MELAST[C STKES5ES aT X=,F/. 

1 7H0 FimMAr(4')H '^3<l)K [1 i UO --MHKIJP 
FUkMAl(^,OH EKKOH IN TAHiE-LOOKUP 
FnKMAr(40H ERZUK [3 r \iV --I OlKIJP 
FilKMAjI ///,4MX,21HTKAJEC ftlRY TIME 


IK [ 15 
EDGE 
ZEESE I 
UMOLUO 
ivl l' I M E 
Y. ■ 


, INCYC_, 

IGIJAO , [EOISD 


1 790 
1 H)0 
1H20 
1330 
13 40 
1350 
I8 60 
1 370 


AlAL/SIS,/, 

3,//) 

<(|iir(3E AT <13 = 
PIKIllNE AT XLN = 
xO'jri'iE AT tin = 
S TEP ,12,/) _ 


FORMA) ( 30X , IHJ , 15X , ] 13A<- A( SU.CM ) , I 3X , 53 7 ( CM ) ,~14X, 
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COi'lilllM PLAH()i‘l,PK TMDM, lOOPLA _ 

MU -IPX r = \is ta 1 

WRI IF ( 6,Z190 ) 

OR I rF( 0, I 300 ) A-31 , A 3? , A3 3 , AiA'+ , Ai'l'j 
t;U TU (10 t 30 ,60 ,70 ), 1N0G6U 

1F( nil 3F'J.F0.0 )GU ro 30 

WRI TF( A,2?nn) TS, TR,MR1B, PITCH, RIBFLG, DEPTH, _ 

1XI,YKAR 
GO TO 80 

PO XI = XI#?.6'-,=>2 .61 

YRAR=YR AR*2 . 61 . _ 

WR 1 r F( 6, I 310 ) I S , 1R,H<[ 3 ,x 1 rCH,Rl3rLG,0iPi H 
IXI , YHAR 
GO ro HO 

30 IF( iniMFN.EO.O )G0 TO 10 , . , . 

WRifF (6,2210 ) I S , rc , NCUR ,P 1 r CH , -L A r , cOGt , PHI i,UR , OfcPi H, 

1XI,YRAR 
GO ro HO 

10 XI = Xl=i<2.61=!<2.61«2.61*2.51 
YH AR = YH AR>>2 . 61 

WRI IF (1,1 320) rs ,TC,MCOR,PI TCH , FL A T, EDGE , PH I CQH , DEP TH , 

I X 1 , YHAR 
(;U TO HO 

50 IF( lUl'HFM.FO.O ) GO fU 60 
WRI TF ( 6,2220 ) 

I 

2X1 , YHAR 
GO r 0 80 

10 X1=XI*2. 61*2. 61^2. 61*2 
VHAR=YHAR*2 . 61 
WRI TF ( 6,1 330 ) 

1 


XPRlNf (10) 


iO fU 60 . ^ . 

TS ,TZtF,i'IZFE ,PI TCH,ZPNEDl ,ZPNED2,DfcPTri,ZbFSP, 
Z6FS”l,ZFFFF,7FF'*Fl, 


> 6 1 


70 

Hi) 


90 

100 


IS, IZFF,NZFF ,P1 TCH,ZPNEDl,ZPMEf)2,0FPTH-,ZEESF, 
ZFFS-l,ZFcFF,ZEEFFl, 

2XI,Y8AR 
GO li) HO 
COM TiMOt 

IF( III) 3FM, . . 

WRI TF( 6,22 30) 

GO ro 100 

WRI TF(6,1310) XI.GTH,PANWin 

cnuriMOF 

IF( IMDhD.EO.O ) GO TU 160 
IF( rtRAD.GF .0.0 ) GO 10 111) 

WRI TE ( 6,2210 ) 

GO ru 120 


.0) GO ru 90 

XLGTH,PAMWII) 


00 IP 10 
OU IP 20 
00 IP 30 
1)0 Ip 10 
110 ll" 60 
Ul) IP 60 

00 rp 70 

00 IP HO 
00 IP 90 
,00 IP lUO 
00 IP 110 
00 IP 120 
00 IP 1 30 
00 Ip IK) 
OUTP 160 
00 IP 160 
00 IP 1/0 

UUIP no 

uulp 190 
00 IP 200 
00 TP 210 

00 rp 220 
00 rp 230 

00 TP 210 
00 Ip 260 
00 IP 260 
00 TP 2 70 
00 I P 2rtO 
00 rp 290 
00 I P 300 
00 TP 310 
OUlP 320 
00 IP 3 30 
UUlP 310 
DU IP 360 
00 IP 36 0 
00 TP 3/0 
OU ip 330 
00 TP 390 
1)0 IP 100 
OOIP 110 
IJOTp 120 
OU IP l3o 
1)0 IP 111) 
00 IP 160 
00 Ip 160 
00 IP 1/0 
00 IP 181) 
00 IP 190 
lUjIP 600 
OU Ip 5 10 
00 IP 6 20 
OU IP 6 30 
00 IP 610 
UUTP 660 
00 IP 660 
00 rp 670 
OU TP 680 
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I I'l f ) 

1?(1 IH lOIilHN.eg.o )(i(J T(l 130 
I r H h, l2hD ) 3KAI) , [0 

(if) TO 1^0 

I TO OK 1 r ^ , 1 3‘,() ) K</\n,Ki'Mil 
I ^11 COM I I OOC 
1 Sn !-IK I r K ( ‘i,?? Ii) ) 

TO 230 

WK 1 ri:{ f>, I 360 ) 

WKl 1C (6, 2 100) 

WK 1 fF( 6, I 370 ) 

IC( IDlMCM.fiO.O )G0 TO 170 
WR I rC( 6, I 3«0 ) 

iju I r^p? } (^RRINT(M),N = 1,NSTAT) 

WK 1 I tl 6, 1600 ) 

OU 15(1 M=1 ,M time 

160 COMTliliOE^'*’'' )')XI I OEI M ) ,( kkEMOMI I , M ) , t = 1 .NST A D 

00 TO 210 
I 70 COM TI NOE 

DO IHO M=1 tMSI'AT 

180 XPR IM T( I'l ) = XRR IN T( N )>!=2 .54 
N R I r P ( 6 , I 4 2 0 ) 

! /p,‘ 5 ’ ; ■ ( X ^'K I N T( N ) . N= 1 , NS TA Tl 

'yn 1 I 6 1 5 • I 4 JO ) 

DO 200 M=1,MTIME 
DO 190 I = 1 ,MSi'AT 

190 PR TMOM( 1 ,M ) = PR TMOMI I , M ) =:=. 45 36*2 . 54 

?io comtinoe'''*'^ >')xriMP(M),( prtmomi iTt i,i = i,MSfA rr 

GO TO 360 
^20 CONTINUE 

l!:l I ) GO ru 240 


WRi TE f 6;22H0 ' ) '" 

GO ro 350 

?30 WRI TE I 6,2 300 1 
GO rri 35') 

2A0 IE( 1 DIMEN. ED. 0 )G0 TO 250 
WR i lEI 6, 1440 )A» FN 
(W) TO 2 60 

250 WRirE(6,14 50)AlEN 
260 COM II NOP 

WRI TEI 6, 146') ) 

IF( J time. ED. 0 ) GO TO 270 
WRIfEI 6,14 7')) 

GO TO 2H0 

2 To WK I r P( 5, 14H0 ) 

2H0 CONTINUE 

I F( I l.OAl) .ED.o. n;o |-() 290 
WRI TE I 6, 1490) 

GO ro 310 
290 WRI TE(6,1500> 

DO 300 LL=l,MriMF 
300 PLOADI LL ) = PLOAD( LL )«. 45359 
310 CONf INOE .-t:? J4V 

IF( HNTP.ED.O )G0 TO 320 
WR 1 fE( 6, 1510 ) 
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'3AO 

'3e>f) 


3^0 
3 70 


3H0 

390 

''■iOn 


A I 0 
4 20 


4 30 


^40 
4S0 
4fS0 
.4 70 
430 
490 
300 


(,() in 3 30 

v-K I 320 ) 

cn-'H' loo- 

WK I f{- ( 3 , 1 3 30 ) 

om f 3 ( 3 , 1 T 30 ) 0 xr lo :( 1 ) , 1 ^ jiAO( 1 ) , I : 32 ( [) 

(F( O riOf-.F«).U Gil If) VfO » 

I r F( 3 , P 3 30 ) ( OX r lOF ( vl- I ) ,0X I 103 { 4 ) ('^n f I ( O 1 

1 lOMH 


T 0 = 2 f N r 10:) 


f,fl rn 430 
cno TIMDF 
WK I TE( 3, 1430 ) 

1F( I Ti‘3t.E0.0 ) GU TO 360 
WR I FE( 3, 1470 ) 

GO TO 370 
WR I r F( 3, 1480 ) 

CnOTlNUb 

IF( II OAO.EU.O ) GO ru 38r) 

WRI TE(3t1330) 

GO ff) 400 
WRI TF( 3 , 1360 ) 
on 390 i.L= I 

RRESS( LL ) = RRbSS( LL )^6894.8 
COiMflviO^: 

I F( I I N I'P.EO.O ) GO TO 410 
WRI fF( 3, 1310 ) 

GO TO 420 
WRI rb( 3, 1320 ) 

COO 11NUE 
WR I f F( 3t 1370 ) 

WRITE! 3,1340 )OXTIME( 1 )t PRESS! I ) f TEMPI 1 I 

WKI TE(^r,?330 m’oxtVm^ ),DXTIMEiN) ,PReSS«N) , TEMP ( N ) ,N=? , N TI HE ) 


CflNf 1 imuE 
WRnECS,?l90) 

WKl rE( IS HO ) 

WKI TF(^,lSyo)Z( 1 ) 

IE{ 7( ? ).Eo.o. ) ;i) fij ■it'+n 

WR I IT- ( 1 Hon )Z( ? ) 

r ( |i\i r I Ni )H 

1 E( / ( 3 ) . E'J.O. )GU TO 
kJR 1 r E( 6, I 610 )Z ( 3 ) 


rno TiMOF 

I E( Z{6 l.EO.O. ) ill ro 6S0 
WKl TE( 6, 16Z0 )Z( 6 ) 

CONI' INOE 

IF( Z( s ) .EO.n. )UI) TO 6 70 
WR 1 TEI 6, 16 30 )Z( s ) 

CON 11 NOE 

I E( / ( 6 ) ,E0 .0, )iVO ro 6 10 
WRI IE(6,1660)Z( 6) 

Ciller I NOE 

1F( z ( y ) .Eo.o. )on to 6yo 
NRI fE( 6, 1660 )Z( 7 ) 

CON TINOE 

1 E( z( H i.Eo.o. >60 ro 5 )0 

WKI TE( 6, 1660 )Z( H ) 

CONr INOE 

IF( Zl 9). EO.O. )00 TO 610 
WRITE! 6,1670)Z(9) 


I III I H 1 I to 
00 IH I 140 
00 IH I ZOO 
00 IH 1 Z 10 
00 I H I y/0 
UO I H 1 z lO 
1 10 I H 1 Z '■(1) 
00 Ip 1 Z60 
oil Ip 1 ZoO 
00 IP I Z /I) 
00 IP IZdO 
00 IPIZVO 
00 IP 1 3()0 
00 rpi 310 
00 TP I 3Z0 
00 IP 1 330 
IIU Ip I 360 
00 I P 1 36 0 
00 I P 1 3 hO 
00 IP 1 370 

no IP 1 360 
(to TP I 300 
00 IP 1600 
00 IP 1 610 
00 fP 1 6Z0 
00 [P 1 63l) 
UO I P 1 660 
00 IP 1 660 
00 IP 1 660 
00 fP 1 670 
00 IP 166 0 
00 IP 1 690 
00 IP 16()0 
00 IP 1 6 10 

00 rp 16Z0 
00 TP 1 6 30 
00 Ip 16 60 
00 IP 1 660 
00 I P 1 360 
00 IP I 6 70 
00 IP 1660 
00 Ip 1 690 
00 I PI 60 0 
00 IP 16 10 
00 I P 16Z0 
00 IP 16 30 
Oil IP 1h6() 
00 IP 1 660 
00 I P I 6(tO 
00 IP 16 /I) 
00 IP lo6il 
00 IP 1690 

00 rp 1 7l)0 
00 IP 1 7 10 
00 tPUZO 
00 IP 1 7 30 
00 I p I 7 60 
(10 IP 1760 

00 rp 1 760 
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4in cnHf 

IF( /!( Id ).f:U.O. )GII TO 
'’^R I f G, IftHO )/A 10 ) 
b?() Clf'l I (M'Jt: 

1 /( II ) ,>tD.n, )i,ll i'll 1 s I 

WK I IH ( '> , I h'Ji'i ) 7 ( n ) 

CD'ir liHJv 

IH / ( J . 1 : 0 . 0 . )l.u TO *>^0 
WK 1 r H( 0, 1 700 ) 7 ( I? ) 

■j7*o cn>i iiMijH 

1F( Z( 1 3).fO.O. Mil) fl) bbl) 
WKl TE( 7,, 1 710 )Z( 13) 
bbi) cnwr iNijE 

IF( Z( 14 l.EO.O. )GIJ TO 560 
WRI FEl 6. I 7Z0 )Zl 14 ) 

560 CII'M TIMOk 

I E( Z ( 1 5 ) .EO.O. )Gll I'D 5 7o 
WRI IE ( 4. 1 7 30 IZ( 15) 

570 CH'iriWOt 

IE( /( 16 ).EU.O. )GU TO 560 
WRI lEI 6, 1740 )Z( 16 ) 

5H0 CnOTIMDE 

I E( Z( I 7 ) .EO.O. iGl) ru 590 
WRI TE(6.r750 )Z( 17) 

590 COrMI JMOH 

1 E( 7 I ) 6 ) . EO.O . )G() TO 600 
WRI fE( 6,1760 )/( 16 ) 

600 CO.'illODE 

1E( Z( 1 9 ).E0.0. lOil I'D Tin 
WRI 1E( 6,1 7 70 )Z( 19) 

610 COMriMlIE 

IE( 7( 70 l.Ei'.O. )GIJ TO 620 
WR I 1 E( 6, 1760 )Z ( 20 ) 

6?0 CHi J II 'VOE 

I E( 7 I 7 I ) .EO.O. )G(1 I'D 6 30 
WRI 1'- ( 6 , 1 790 )Z ( 2 1 ) 

630 COWf li'lOE 

1E( Z( 22 ).EO.O. )GD TO 640 
WR I r F( 6,1600 )Z( 22 ) 

640 Cn'iTlODE 

I El / ( 2 3 ) .EO.O. )G0 ni 650 
WRI IE ( 6, 16) 0 )Z( 23 ) 

650 CONflMOE 

IF! 71 24 ). EO.O. )GU TO 660 
WR 1 f E( 6, 1620 )Z( 24 ) 

660 CIJi'i T1 l -OE 

1 F( /( 25 ) .EO.O. )G(I ro T 70 
WK I 11 I 6 , 1 630 )Z 1 25 ) 

670 CDMriWOE 

I F( 7 ( 2*1 ) . EO .0 . )G0 TO 660 
WR I I'EI 6, I 640 )Z( 26 ) 

660 Cn.'lTlMlJE 

I F( 7( 27 ) .EO.O. )6ll I'O 690 
WR I IF ( 6, I 850 )Z ( 27 ) 

690 C ON r I NOE 

1F( Z( 28 ).E0.0. )G0 TO 700 
WR I fEI 6, IH60 )/.( 26 ) 

700 CnNTINOF 

I F( Z( 29 ) .EO.O. )G0 fU 7 10 


I II) I R I 7 70 
00 TR I 760 
00 IE I 190 
00 IRI600 
00 IRl 3I0 
no IH I f)20 
no I 2 I 3 6.) 
00 I R I 6 40 
00 IR I 360 
00 IR1660 
00 IR I 3 70 
UU IR 1660 
(JO IR1690 
00 TR 1 9 00 
00 I R 1 9 1 0 
00 IR ] 921) 
00 I R 19 30 
on IR 19 40 
00 I R 1 9 60 
Oil IR I960 
00 I R 19 7l) 
00 IR 1960 
OU IR 1990 
00 1R2000 
00 I R 20 In 
00 IR202II 
DO IR20 30 
UU IR204I) 
00 IR2060 
00 IR2060 
00 I R 20 7 0 
00 IR2060 
00 I R 2091) 

uoiR2 mo 
00 I R 21 to 
00 1R2 1 20 
00 IR2 1 30 
00 IR2 1 40 
no lR2l60 
00 IR2160 
00 IR2 I 70 
00 TR 2 160 
Oil IR 2 140 
00 lR2?no 
00 IR22 10 
UN IR2220 
00 IR 22 50 
00 IR22^0 
UU IR2250 
00 1R2260 
00 IR22 70 
OUTR2260 
00 IR229U 
00 IR2 300 
00 IR2310 
UU IR2 320 
01) IR2330 
00 IR2340 
00 IR2350 
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■1'’ \i '-i '> , 1 •' / > ) / ( ^4 ) 



III) 

/ 1 - ) r.<miN> , 



IM) fiV 3^1) 

I /( i ) ) )'!' 1 M) I 



nil i»^;> J ii) 

vIH \ lf"( 4* IHmO ) 7 { 30 ) 



nij iiv -^^0 

f >n 1 'I'H 



nn hv^oi) 

(>-■( /( 31 l.frn.n. )i,u m ! -10 



IJI 1 nv 

'•K 1 fhl S, l'<4f) )Z( 31 ) 



nu \ 

730 C<JM ll'v lt: 



uu 

! H ( 7 ( . 0 . )i;il I'lJ 740 



nil 

V7RI TR(6,lViin)Z( 32 ) 


* 

nn IP 2 4^1) 

7-30 CONri'\|iJH 



nn 

IF( Z( 33).E(0.0. )GIJ TO 750 



un iP2^/o 

WRITFI 5,14 10 )Z( 33) 



Un IV2 4dO 

750 COMTINOF 



UnTP2^^0 

I F ( Z ( 3'* j . F (j , 0 . ) uO To 7 60 



uu IP2‘?00 

OKI IF (5, 1920 )Z( 3A ) 



uu IP2510 

760 cnorioiiF 



uu iP2t32n 

1F( Z( 36 l.tO.O. )G0 TO 7 70 



uu livt? 30 

VJR 1 fF( 6, 19 30 )Z( 36 ) 



uu Ip 2*5 40 

7 70 COOTINlJ): 



uu lP23b0 

|F( Z( 36).FO.O. )G0 fO 730 



uu lP2b60 

W« I TF( 6 ,1940 )Z ( 36 ) 



UU iP?5 7() 

730 co'ir p'lOi- 



UUTP2!5^0 

1 F( Z( 3 7 ).Fo.o. )G0 TO 790 



UU )H23S0 

HR I r F( 6, 1 960 ) Z ( 37 ) 



UU IP2500 

7 90 co g TI OUT 



UU IP26 lo 

IF( Z( 3h ) .Fo.o. )G0 ro 300 



uij IPP^720 

WRI 1F( 6, I960 )Z( 3H ) 



uurp?6 30 

HOO COHf I.MOR 



uu iP2f>40 

IF( Z( 39 ).F0.O. )G0 TO 810 



UU ]P26b() 

HR ! r F( 6, 1970 )Z ( 39 ) 



UU IP 2440 

8 10 cool I Ml It 



UU Ip 26 /O 

I FI Zl 40 ) .Fg.o. )Gi| nj 3 20 



UU IP2o4() 

HR 1 It I 6, 1980 )Z( 40 ) 



UIJ IP 2090 

820 COigflH'IF 



UU IP2/00 

IF( Z( 41 J.EO.O. )G0 TO 830 



UU IP2 7KJ 

WR 1 rt| 6, 1990 )Z( 41 ) 



UU IP 2 ^20 

h3o cni-nii'iut 



UU IP 27 30 

I F( 7 I 42 ) .60.0. )GU I'O 3 40 



(JU 1 P 27 40 

WRJ Tt( 6,2000 )Z( 42 ) 



UU IP2760 

8 40 C0i\iri 'l06 



UU lP2/bO 

IF| Z( 43 ).F0.0. )G0 TO 860 



UU TP2 7 /() 

HRI l t( 6,20lo )Z( 43 ) 



UUTp^r^O 

860 cool loot 



tJU I P 2790 

I F( Z( 44 1 .to. 0 . )G0 fO 360 



UU IP 2300 

WR I It ( 6, 2020 )Z( 44 ) 



UIJ IP2H 10 

8 60 Cni-if 1 got 



UU IP2420 

IF( Z( 46 l.tO.O. ) GO TO 8 /0 



UIJ IP2«30 

WR 1 l t( 6,2030 )Z1 46 ) 



UU IP 24 40 

870 cnigiiNot 



UU rP24bO 

1 1 ( 1 r I -It ,to.o )Go r 0 3 30 



UU FP2460 

WK I (FI 6,2040) 



UU IP 2b {{) 

GO r 0 890 



UU IP 2440 

880 WR I TFI 6,2060 ) 



UU IP2490 

890 CONflOOt 



UU rp290t) 

IF( IFoNTR.EQ.O)GO to 900 



uu TP 29 10 

WR 1 r tl 6,2060 ) 



UU IP2920 

GO TO 910 



UU IP 29 30 

900 WR 1 rt( 6,2070 ) 



UU IP 29 40 
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u I n O' i -j I I 

1H( I(->J’vIST.MO.o )ii(| TO 
WK I TKI 'i, ) 

(,0 O' 0 3" 

O "I i-IK I r ) 

‘j T'l r." '! 1 1 I II 10 

j 0 ( 10 1 T- I . 00 .0 Oil ) I'O J M 
0 I 1 0 ( *> • 0 3't 1 

iF( in -It- .-n.o )' 0 i ro 0 o) 

WK I IF( 3‘jO 1 ( XOK O') T( N 1 ,0=1 ,NS TA T I 

r,n ro 0*30 

9^0 WKI 1 F( 'itPIOO ) ( XPHl NT( N 1 ,N=l ,NSTA r ) 
y‘)0 COi'lflNOF 

DU 961 ) M=1 ,N time 

WKIFE ( 6,^360 1 oxr I 3t( M ) ,( DEFLEI '^»N ) AT ) 

960 CON 11 NOE ■ 

on fO 1030 
9 70 CON II NOE 

WKlfEI ) 

1F( I TI 'IF.EO.O IGO TO 9 BO 

WK n'F( 6,^360 1 ( XFK INriN ) ,N=l ,NSr A r 1 

GO TO 990 

930 NKirei 6,?100) (XPBlNriN ),N=l ,NSI A I 1 
990 CONTINUE 

on mio 3= 1 ,NT IMF 
DO 1000 M=l,NSrAl 

0 F F I F ( p 3 , g ) = 0 F - F ( 3 , N ) = ? . 1 A 

1000 co'-itinije 

1010 CONTINOF 

DO 10?0 M=1,NTIME 

WH I r F( 6, P360 )OXr IMF ( p 3 1 , ( ')F-i.F( M ,N ) ,'3= I ,‘NSI A ri 
1020 CON T1 WOE 
1030 COWriNOF 

|F( INDELA.FO.I ) RETUKN 

1 F( INCYC ..-u.o ) GO ro lino 

IF( 10I'-1EN.EO.O IGO TO 1060 
Nmft(6,2l20) , 

WK 1 TF( 6 ,?1 30 ) ( XPK INTI N ) ,N=1 ,NS lA T) 

DO 10^0 '3= 1 ,Nf 1 >IF ^ ,, 

WRITF{6,21AOl OXTIMEI M 1 ,( DEFL INIM ,N ),N=1 ,NSTAT) 

1 040 CO''i T 1 '3i IF 

GO 10 I')90 
I 060 i«IP I r F I 6 , 2 I 60 1 

WH I m 0,2130) ( XPP IN T( N ) ,N= 1 ,NSr A T) 

Df| loyo 3=l,NilMF 
DO 1060 N=1,MSIAI 
OFF' 1 M I i3 ,'l ) = i)FFl. INI M , g )=:=2 ,64 
10 60 CO'ini'iOE — 

10/0 CONri'MOF 

DO I OHO M= 1 ,N r 1 ME 

NK I r P( 6 , 2 1 40 )OXr I MF I M 1 , ( ')l:r I. I g( M , N ) ,N= 1 ,NSt A 1 1 
lOHO CONIIlgOF 
1090 COWriNOF 
1100 CONTINUE 

1 F( IDMF.g.FO.O. IGO ro 1120 

WRI TE ( 6,2 370 ) . ^ ^ . 

WRITE ( 6,23H0 1 ( XPR I N i ( N ) ,N= 1 , NS T A T » 

DU 1110 M=1,NUMCYC . , . 

WKlfF I 6,2390 ) <CYCI.FI '3 I , ( OFFI. (M,N ),N= I ,NSI A I ) 


no O' 2 ' I'l 
OO IP2 0.U 
00 IP2 ) M 
00 Ip29ho 
O' I 1 P 2 2 o o 
OO IP 0000 
UH hMi ) L n 
UU 30^0 
UU I t-* 30 3{) 
UU U^ 30 40 
UU I 30^0 
UU TP 3060 
UO Ip 30 /() 
00 IP 3 oB 0 
UU IP 3i)9 0 
00 Ip 3100 
00 I P 3U0 
00 IP 31 20 
IIO I P 31 30 
UU Ip 31 40 
UU I P 31 60 
UU IP 3160 
UU IP 3U0 
UU IP 31 HO 
Ul I I p 3 1 9 0 
UU Ip 3200 
UU I P 32 10 
UU I P 32 20 
UU I P 32 30 
UU IP 32 40 
UU Ip 32 6 0 
UU IP 3260 
UU Ip 32 70 
UU IP 32BO 
UU IP 329 1 ) 
UU IP 3300 
UU Ip 3310 
UU Ip 3320 
on I H 
Uii IP 

nn IP 

nU IP 

nn Ip i3^) 
UU ip J3M0 
un I p 33no 
UU Ip 3400 
UU IP 3410 

nu IP i^Zi) 
nn IP :J43f) 
nn Ip 3 440 
nn Ip 34*30 

nu IP 3460 

nu I P 34 /o 
nu iP34yo 
nu Ip 3490 
UUTP 3300 
UU IP 3310 
(in iP3b;?o 
nu IP 3^ 30 


I 


I 


I 
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1 M M 

n 


I l 30 
I ) ^+0 


11^0 
I 1 60 


I 1 7i) 
\ 1 3 f) 


I lS#f) 

1 ?no 

1210 


tj p'i i [ n 
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22 HO FORNAT ( S 3 X . IGHHN 1 i-iiHN P<ESSORE) 

2290 FORMAT ( S 3 X , 1 SHS O'lPI F SOPPI IK I <; / / ) 

2300 FlIKMATl S 3 X , I AHF 1 XEO SIPPORTs//) 

2330 FHKHA l( SOX, FG. 2 , 3 X , F 6 . 2 , 1 1 X , Eli. 3 , I 3 X ,F 6 . I ) 

23 AO FflKMAT ( 1 Ml , 49 X , 33 H:Kt-; tP PREOICI'HIN COHPlJlFR PRIJGK AH/ / S I X , 

12 ftHELASIIC DEFLECIIUM SUMM AK Y / / / /2 3 X , 2 IHBE AM SlTaTIUN (INCHES)) 

2 350 FOKHAT ( 1 3 X , 9 HT 1 HE ( M I N ) , 3 X , 1 0 ( F S . 2 , S X ) / ) 

2360 FOkha T( 1 3 X, F 7 . 2 , 3 X , 101 F 7 . A , 3 X ) ) _ ■ ’ 

23)0 FOKHAT t IHl ,A 9 X , 33 HCKErP PIEOlCflON CDHPOTEk PKOGK AH/ / 5 3 < , 

12 AHCKFEP DFFI.FCTIUN SIJMMAKY//// 23 X , 21 HBEAM STA.TIUN (INCHES)) 

2 3 K!) FlIKHAl' ( 1 3 X ,SHCYCL E , HX , ln( Fs , 2 ,GX )/ ) 

2390 FHKMA T( 1 HX, 1 3 ,MX , 10 ( F lO.S , IX ) ) 

2 aoo FDkHA r I IHl ,A 9 X , 33 HCKE -:p PKEiIICri'IN CiHPOTEK pkogkah//s /x, 
) 23 HKFSIDUAL STkFSSFS ( P S I ) / / 64 X , 6 HC YCLE , 13 ///V 25 X, 

221 HPFAH station (INCHES)) 

2410 FOKMAT ( 3 X , 6 HHF 1 GH'I , 6 X , 10 ( F 6 . 2 , 5 X ) ) 

2420 format ( 3 X ,F 6 . 4 ,SX , lol ElU. 2 , IX ) ) 

2430 FORMAT! IHl , 49 X, 33 HCKEEP PREDICTION COMPUTER PaDGRAM// 5 rX , 
123 HCREEP STRAINS ( PERCEN T ) / / 64 X , 6 HCYCLE , 13 //// 2 SX, 

221 HKEAH station (INCHES)) 

2440 FORMA T { 3 X, 6 HHE I GH f , 6 X , 1 0 ( F 6 . 2 , SX ) ) 

2450 FORMAT! 3 X,F 6 . 4 , 5 X , 10 ( FIO. 7 , IX ) ) 

END 


01 ) 
00 
I.H) 
00 
00 
1 ) 1 ) 
DO 

» lJU 
STIFFEUU 

uu 
uu 
=uu 


UUTF 5 4 ^ 


UU 
uu 
uu 
uu 
uu 
uu 
uu 
uu 
uu 
uu 
uu 
uu 
uu 
uu 
uu 
uu 
uu 
uu Tl 
uu 
uu 
uu 
uu 

l!U 

Uij 

uu 

uu 

uu 

uu 

uu 

UU 


F no 

P!? 33 U 
Hb 340 
P 3^0 
p ‘3 360 
P ^ 3 ^ ) 
Pb 38 0 
P b 3s^ 0 
P6 40f) 
P 34 I 0 
P3 4;?0 
Pb430 


P b 430 
Pb460 
Pb 4 /o 
Pb 430 
Pb430 
PbbOO 
Pbb 1 0 
lPbb;^0 
Pbb 3o 
P b b 40 
P b^bo 
PbbbO 
P Db 

TPb630 
Pbb 40 
PbbbO 
P b 6 (3 
bb/() 
P bb3 i) 
Pbbyo 
Pb /OO 
Pb / 1(3 
Pb 

T P b 7 30 
' P b Mo 
Pb /bo 
Pb /6I) 
PbY 70 
Pb /30 
, Pb 7 yO 
UU TPbrfOO 
OUTPbBlO 
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